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The operation and repair of automobiles involves many different
naterials: metals, synthetic products, wool, cloth, fuel, oil and others.
The necessity for their efficient and inteliig2nt use becomes more and more
pressing. For this, it is necessary to knT.i the brand and trademark of the
materials, their basic qualitative indices, the area of their expedient use,
and to have a methodical evaluation of cheir properties.

The authors of this handbook have tried to systematize aad collect in
one book the necessary infor-_ýti-n La alitemotive materials used for operation
and repair of automobiles. For this, the authors have tried to take into
consideration the experience of leading automobile manufacturing repair and
transport factories, scientific research and training institutes, ard also
design organizations.

The handbook includes two sections. In the first sectioi data is given
on the chemical composition, mechanical, physical and technological properties
and the areas of use of steel, case iron, non-ferrous metals and alloys, as
well as repair materials in automobile manufacturing and in the auto repair
industry.

The second section of the handbook contains information on the character
of plastics, resin, glues, wood, packing, insulation, paint and varnish
materials, fuel, oil and grease, and also technological liquids.

The handbook is intended for mechanical engineering workers of the
motor transport and auto repair industries.

Section I of the handbook (Chapters 1-5) was written by Candidate
of Mechanical Engineering, Masino, M. A.; Chapters 6-8 of section II were
written by Candidate of Mechanical Engineering, Motovilin, G. V.; and
Chapters 9-14 by Candidate in Mechanical Engineering, Alekseyev, V. N.

This handbook of mechanical engineerinp, which summarized information
on highly varied materials used for operation and repair of automobiles is
being published for the first time. Therefore, the authors will be ?'rateful
for critical comments and requvs3 Ls, which can be directed to this address:
Moscow, B-124, Basmar.naya Alleya, 6-a, publication "Transport."
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Section I. Metals and Alloys Used in Automobile Manufacturing and in the

Automotive Repair Industry

CHAPTER I. GENERAL CHARACTERISTICS 0, METALS AND ALLOYS

§ 1. Requirements Necessar7y in Metals and Alloys

During operation of automobiles most of their components absorb a
significant static and dynamic load. The dynamic loads occur because of
the pressure of gases in the combustion chamber of the engines' cylinders,
because of inertia forces, shock interaction of the surfaces of connecting
components, braking force, impact of the wheels on obstacles (unq-'n r-ds)
elastic vibrations and other causes. Many components absorb systematic
alternating loads and therefore when there is poor construction or incorrect
techniques in the preparation or conditioning of components, excessive load
can cause a fatigue breakdown. Usually one of the following components is
involved: longitudinal bars and cross members, leaf springs, knuckles,
differpntials, heavy-duty drive gear teeth, crankshafts, reduction gear
driveshafts.

Contact surfaces of components of automobiles are subjected to the
effect of large specific pressures caused by abrasion of their surfaces.
In the overwhelming majority of cases, the service period of automobile
components until they are discarded or reconditioned is determined by a
change (as a result of abrasion) in their dimensions or geometrical shape
from the soecified size established by technical conditions.

Very high specific loads are absorbed, in particular, by the working
surfaces of piston pins, crank pins and brass of the crankshaft, cams of the
camshaft, ends of the push rod and valve stems, trunnions, cotter pins and
many other components. Particularly high loads occur on the contact
surfaces of teeth of the gear parts of the automobile transmission. One
must add to this that only a few junctions of the automobile, for example
the connecting rod and crankshaft crank pins of the wheel axles, operate
in a smooth process under conditions of liquid friction. Most of the
components of an automobile operate with semi-liquid, se-i-dry or boundary
friction, and some junctions (for example, brake drums and ohoes) even
have practically dry friction.

Some components of the engine absorb thermal loads, along with mechanical,
and also are subject to the effect of gas corrosion. The main components
thub affected are: pistons and valves, cylinder heads, piston rings,
surfaces of cylinder liners and engine blocks. As national automobile
manufacturing grows, the mechanical and thermal loads absorbed by the
components increase corresponding to the increase in the size of compression,
the number of revolutions and power of the engines and maximum speeds of
the automobile.

Peculiaritied of operation of an automobile do not permit increasing
the working sizes, surfaces and consequently the overall dimensions and
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weight of the components during their manufacture. Therefore, there are
stiff requirements for the materials used during their construction and repair.
The materials and alloys used must necessarily guarantee static and dynamic
resistance of the components made from them, guarantee their safety from
fatige failure, guarantee high resiitance to abrasion of the working
surfaces, and also, in a number of cases, temperature and corrosion resistance.

Alloy steels widely used in automobile manufacture meet the requirements
shown. In a standardized and improved condition they guarantee, for fixed
sizes, the necessary strength of the components made from them; and as a
result of chemical-thermal processing, with subsequent hardening and
low-temperature tempering, good hardness and resistance to abrasion of the
working surfaces under large specific loads are obtained. Depending on the
selection of alloy components, the items made attain ductile properties,
corrosion resistance, heat resistance and other special qualities,

However, taking into account the large scale of the automotive industry,
it is just as important that the automotive materials satisfy the requirements
of the greatest savings in cost as that they guarantee high mechanical
properties of the components made from them. Inasmuch as the cost of
steel alloys exceeds the cost of high quality carbon steels by 2-4 times,
the former must be used only in cases where it is not possible to use
available and less expensive alloying components. In recent years, some
components of low-carbon casehardened alloy steels were successfully
replaced, without decreasing the mechanical properties, by components of
low-carbon steel 45, which have been hardened by induction. Cast iron is
widely used as a raw material for repairing automobile parts, and is almost
three times cheaper than metal rolled goods. The cheapest form of cast iron,
but at the same time the weakest, is gray cast iron. For improving the
mechanical properties of cast iron components, a modification or sometimes
alloying is used.

For further improving the dynamic qualities of the automobile, a great
deal of importance is attached to the maximum possible decrease in weight.
Therefore, one of the most important requirements of automotive materials
is decreasing the total weight of the automobile components. With this
aim, the components are made of cast aluminum and zinc, distinguished for
their good technolog'cal properties, and also from synthetic materials.
The area of use for such materials when making automobile components is
increasing.

For guaranteeing high and standard qualities of automotive parts and

uniform specifications for their machinability, steels, cast irons, and
non-ferrous metals must have stable mechanical and technological properties,
essentially uniforin for every melt and batch. Therefore, when making
critical parts for automobiles, carbon steel is often used, in which the
variation in quantitative content of carbon is reduced to 0.05% as opposed
to 0.10% in gcvernment standard steels. For this reason, factory brands
of cast irom and non-ferrous metals are used with a slightly changed
per cent of content of specific components as compared to the standard
brands. In some cases, for guaranteeing high mechanical or technical
qualities of the components in automobile manufacture, brands of alloy
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steels and other metals and alloys are used, which are not specified by
GOST [Gosudarstvennyi Obshchesoyuznyi Standart, All-Union State Standard].

§ 2. Chemical Composition and Designation oý Steels, Cast Irons,
Non-Ferrous Metals and Alloys

In automobile manufacture and in the automotive repair industry the
following are widely used: gray, high-strength, forged and alloy (anti-
friction, heat-resistant and others) cast irons, carbon and alloying steels,
brass and bronze, aluminum, manganese, zinc and other anti-friction
alloys. Examples of the designations of specific brands of metals and alloys
are presented in Table 1.

TABLE L. CONVENTIONAL SYMBOLS OF THE MOST WIDELY USED
ALLOY COMPONENTS FOR MARKING STEEL, BRASS AND BRONZE

OuJIao., eiI, I yc.h,..4..P

mo- noHeHTos HOMnOIlelITOB

-100. 0 q 00

I-. m,

: 6 Am~om,,misir Al to A 1h,-em,18. Nj 1-I

7 Bepimml ..,. Be - iO ot 1, 19 ... Sn -- 0
8 l np . . . . . B 1) - iC m met1L20 .. Pb -- C9 B.,1A10I . .. V (1) cy;., ,21. . . Sb - C

10 B0 i))am .. W B Im,,ii 22, Ti T T
11 •I(ene~o . ". Fe - ,K 1'o' 23: Cr X X
12 lpCe,',i, . C K tLll'lx 24 Zn - L
13 MI pranet. . % n r Mu i )oci,)ie5 P __
14 4eCAt .. C11 It M 1Ko6•.•i26 Co K -

15 Mou,,,teu. Mo ,M - Ce.:cm 27 Se F -
16 .uMIl101K As - Mul I WIP1.,, "28 Zr L,
17 lioO,6nr Nb B - 11

Key: 1. Name of components; 2. Chemical symbols; 3. Accepted
conventional symbol; 4. For steel; 5. For brass, bronze and
zinc alloys; 6. Aluminum; 7. Beryllium, 8. Boron;
9. Vanadium; 10. Tungsten; 11. Iron; 12. Silicon;
13. Manganese; 14. Copper; 15. Molybaenum; 16. Arsenic;
17. Niobiusa; 18. Nickel; 19. Tin; 20. Cast iron;
21. Antimony; 22. Titanium; 23. Chromium; 24. Zinc;
25. Phosphorus; 26. Cobalt; 27. Selenium; 28. Zirconium.
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In the symbols of high-quolity carbon steels which are more restricted
than GOST in the acceptable variation of the carbon content, the word
"select" is shown after the trademark symbols of the steel. For example,
the material of the camshaft of automobile GAZ-53 engine is steel 40,
select. This meins that when raaking the part mentioned, f:he content of
carbon is withii, '-its of 0.40-0.45% as opposed to 0.37-3.457. according
to GOST 1050-50.

The Prademark of alloy steels, brass, bronze and zinc alloys is
desigrat.4 by a letter-cipher system, in which the letters represent the
components of alloying steels or alloys, and the numbers designnte the
quantity of alloy present in the steel. The letter symbols adopted for
steels and alloys are presented in Table 2.

In the designations of brands of structural alloy steels, the number
on the left shows t:he average content of carbon in a given steel in hundred
parts of per cent, the letters and numbers following to the right of the
letter, show the presence and exemplaiy content of alloying components in a
given steel (in %). For example, the trademark of steel having a designation
40KH, can be deciphered in the following way: high quality steel, alloy,
chromium, average per cent of carbon content--- 0.40, chromium, about 1%
(the cipher "I" after the symbol ;or the alloying component is not written);
steel of trademark 12KHN3A is high quality, alloys chromium and nickel,
average content 0.127. carbon, approximately 1% chromium and about 3%
nickel. Alloying components, molybdenum, titanium, tungstei, vanadium, and
boron very strongly affect the properties of steel; for these indices,
their presence is not sbown in the trademark symbols of the steel, as their
quantity is equal to approaxinately 17.. Usually the amount of these
components is within limits 0.06-0.047., and for boron, even in thousandths
of parts of per cent.

For marking (multiple-component) brass and bronze alloys as
distinguished from sceel, the letter designation is written first, which
represents the alloy components, and then the numbers ihich show, in order,
the average content (%) these component. For example, the trademark of
bronze which has the symbol LMtsZH 55-3-1, can be deciphered thus: complex
(multiple-component) manganese-iron brass, containing on the average 55%
copper, about 3% manganese, about 1% iron, the remainder zinc; bronze
trademark Br. OTSC A-4-2.5 is tin, alloyed with tin, zinc, and cast iron,
containing on the cverage 47. tin, 4% zinc and 2.57. cast iron, the remaining
copper. An analogous example is labeling alloys with a zinc base, thus,
in the comion alloy TSA24 4-1 the contents are about 4% aluminum, 1% copper,
the remainder zinc (a more precise content of the alloy is shown in
Chapter IV of this handbook).

Alloying components in aluminum alloys and cast irons used in the
automeoile manifacturing and repair industries are not designated by symbols.

Chemical composition affects the mechanical, physical, and technological
properties of metals and alloys. The effect of carbon on the properties of
cast iron and steel is the greatest. As a Lule, for production of automotive
components, low- and average-carbon high quality steels, contents up to
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TABLE 2. CONVENTIONAL SYMBOLS OF A!0TALS AND ALLOYS

3C~raJW . Llyrymiii

'l~4lAb 5 #6 7 9 10 11
eio~ Ia'ecTa biC.0I,01j~d4'CCT- LI.J OTJIHOOK CC n K'0h4XHflr K11teO'd eH icc

29 30 31 32 2 co~~
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25r mc?, Io6o3itacmim
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54 CT.2, 54 Cranb 20, ?2* Itajh 45J1 15 32134q 0. r K
55GiT 2 (.?d b )Oxr, 6.6CI21:401 67 68

t C,:? iei2XI3\ 66j
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12 021cii(, 3..3 .~I, . 1 j 20 21 ATI W"''11K
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34 %.cq, Ail AK. M1 U9 114,"

A 4 13 6JimL A(,'C
47in )l A

05o3flia'eHUR 7 7 7 80 82 8
69 c- *A? AK A2 7 77~ 7 .8 ~2. X- .T91j 85 01I tc Bo 87

70t iI u'~, Li\'~ 4-3 11.411 J11'U -n1050O-1 4.1-2,5, COCG.6,88
7,AK 4.1 7 31 ab79 81 JiIWu58.21 5r1 1 A W9- 4, ACCG.5 89

1I 7 4 86~' C30
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Key for Table 2: 1. Ferrous metals; 2. Non-ferrous metals
and alloys; 3. Steels; 4. Usual quality; 5. High grade
aod very high giade; 6. Automatic; 7. =or casting; 8. Cast
irons; 9. Gray; 10. High-strength; 11. Forged; 12. Anti-
friction; 13. On aluminum base; 14. Cast; 1. Deformed;
16. On a manganese ba3e; 17. On a zinc base; 18. Brass;
19. Symbol; 2G. Multiple-component; 21. Bronzes; 22. Anti-
friction alloys; 23. Conventional sonmbols; 24. St.; 25. MSt;
26. KSt; 27. BSt; 25, Steel; 29. A; 30. Steel (in the
final syEWol, inlex L); 31. SCH; 32. VCH; 33. KCH; 34. ASCH;

35. AVCH; 36. AKCH; 37. AL; 38. AK; 39. D; 40. V;
41. ML; 42. TS; 43. L; 44. LS; 45. LO; 46. LMts;
47. and othersi 48. Bk; 49. B; 50. SOS; 51. ASS;
52. and others; 53. examples of symbols; 54. St.2; 55. MSt.2;
56. KSt.2; 57. BSt.2; 58. Steel 20; 59. Steel 50G;
60. Steel 30Kqc'; 61. Steel 12KHN3A; 62. A12; 63. A20;
64. Steel 45L; 65. SCH 15-32; 66. SCH 21-40; 67. VCH 50-), 5;
b8. KCH 35-10; 69. ASCH-I; 70. AVCH-I; 71. AKCP-I;
72. AL4; 73. A!09V. 74. AK4; 75. V65. 76. 'I8P; 77. MLS;
78. TSAM 4-1; 79. TSAM 4-3; 80. 1.62; 81. L90; 82. LS59-l;
83. LV,0-1; 84. LMts 58-2; 85, Br. OTSS 4-4-2.5;
86. Br. AZH9-4, Br. S30; 87. B83; 88. SOS6-6; 89. ASS6-5.

Annotation. 1. The letter A at the end of the designation
of a steel trademark means that the steel is of very high quality.

2. The numbers and c'signations of the trademarks of gray
cast iron designate st-, 'th: the first, whea stretching,
kg (force)/mnm2 ; the s. ,.,d, then beoiding, kg (orce)/xrn 2 .

3. The numbet , he trademark symbol of high-strength
and forged cast 1r, .- , ahom,: first--- ten-:le strength,
kg (force)/nmm?" st '.d--- 1pecific elongation, .

(.5% carbon, are used. For making coils and springs, high carbon steels
with the carbon conteat up to 0.70% are used. Besides this, carbon steels
a e ••idely used in automobile manufacturing ,nd auto repair industries for
mak<ing cutting tools.

With an increa,- in the content of carbon in steel, its strength and
elast,'city, its hardness in a normalized and tempered state increase; and
the spcific elongation and impact strength decrease. Besides this, with
an increase in the content of carbon in steel, its weldability decreases and
its hareness increases after tisrdenirng and tempering It is practical to
subject ,teel with a carbon coi tert from 0.40% rnd -ore to hardening with
low- or n.jerage-temperature tempering.

Low-c irbon steels (carbon and alloy) with the content of carbon from
0.30% and 'cis, often are subjectc to che:. 1ical-thermal processing
(especiall) -asehardening and cyanidation) f.r the purpose of giving them
surface ha ,ess while keeping a ductile and strong core.
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For making cast iron automotive parts, cast iron with a content from
3,0-3.6% carbon is usually used. The properties of these cas' irons are
greatly affected by the shape of the particles of graphite carbon. The
best mechanical properties are primarily the strength and ductility possessed
by fvrged cast iron with spherical (globular) entrapment of graphite, the
worst is gray cast iron. with flaky veins of graphite. Modified cast iro'Ls,
obtained by introducing finely divided undissolved admixtures into the
molten metal before it is cast, occupy an intermediary position.

Particles of the modifiers, having additional nuclei of cr vtallization,
make it possible to crush the graphite entrapped and make their rhapp
closer to the shape of graphite in forged cast iron. The best nodlfier is
magnesium, which enables one to obtain high strength cast irons.

Alloying components change the properties of steels and cast irons in
various ways (Table 3). When they are present in the alloying steels, as
a rule, they increase their hardness and resistance to abrasion, their
strength and yield point, and their h& denability, and decrease impact
strength ýnd weldability.

Aluminum cast alloys, depending on the dominant alloying components,
are classified according to GOST 2685-63 in five gL1ps, which are
characteristic of various properties and areas of use. The properties of
aluminum cast alloys depending on the system (basic chemical composition)
are presented in Table 4.

The effect of specific alloying components on the properties of brass
and bronze are shown below (Section 2, Chapter IV).
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ThDBLE 3. THE EFFECT OF THE MOST WIDELY USED ALLOYING
COMPONENTS ON THE PROPERTIES OF STEEL AND CA.ST IRON
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Table 3, con't.
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Key for Table 3. 1. The effect of alloying components on
the properties; 2. Steel; 3. Cast iron; 4. Manganese;
A. Improves hardenability and mechanical (especially elastic)
properties. When the coatents are greater than 1.5% there is
a tendency toward tempering brittleness. When the contents
are about 137o and higher the steel has an austenite structure,
anti-shock resistance, high resistance to abrasion under dry
friction. When heated, growth in the grain is promoted.
a. Impedes graphitization and encourages the formation of
cementite.
5. Silicon
B. Increases strength, resistance to abrasion and gives elasticity
and anti-friction qualities. When the contents are 8reater
than 27, ductility is reduced. Increases weldability, but
decreases the temperature of hardening, normalization and
annealing. Is used frequently In combination with chromium
or manganese.
b. Essentially increases graphitization, the number and
dimensions of the graphite grain. Depending on the per cent of the
of the content, permits obtaining cast iron with excellent
characteristics.
6. Nickel
C. Increases weldability, especially in combination with
chromium. Facilitates an increase in strength and corrosion
resistance at high temperatures. As a result of tempering,
guarantees obtaining small grain structure, distinguished by
increased strength, high plasticity and ductility.
c. Encourages graphitization, crushing of the grain and
increases resistance to abrasion. When the contents are
greater than 137., in combination with chromium and copper
(Ni-Resist) guarantees obtaining a special abrasion-resistant
and corrosion-resistant structure.
7. Chromium
D. A carbide forming element. Improves weldability. Enables
obtaining hard and abrasion-resistant working surfaces. When
the contents are greater than 12%, gives bigh anti-corrosion
and heat-redistant qualities. An inadequacy is an increase
in the tendency of the steel toward tempering brittleness.
Very often used along with Mn, Ni, Ti, Mo, Si.
d. Facilitates the formation of carbides, improves heat
resistance, corrosion resistance and abrasion resistance.
8. Molybdeoum
E. An effective carbide formIng element, Improves weldability.
Essentially decreases the tendency to tempering brittleness.
Guarantees attaining uniform small grained structure, imparts
high strength, plasticity and ductility to the steel.

I e. Crushes the structure and essentially increases the
abrasion -esistance o& the cast iron. Prevents graphitization.
In optimal proportion with nickel, guarantees obtaining a
perlite stiucture.
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Key for Table 3, cor't.

9. Titanium
F. An effective carbide forming element, Enables obtaining a fine
fine grained structure, especially in combination with
chromium and maneqnese. As a result of hardening guarantecs
great hardness of working surfaces of components. lmproves
corrosion resistance.
f. Behaves similarly to molybdenum.
10. Aluminum
G. Makes the %rain smaller. Improves impact strength. During
heating facilitates graphitization (can be prevented by the
introduction of Ti and V). Increases corrosion resistance.
g. Encourages graphitization, increases strength.
11. Vanadium
H. An effective carbide forming element. In small quantities
facilitates obtaining fine grained structure and increases
ductility of the steel. Facilitates preserving hardness during
tempering. One of the few elements which improves weldability,
because of its active deoxidation and degasitication.
12. Copper: Facilitates graphitization and improves strength
and resistance to abrasion.
13. Tungsten: Effective carbide forming element. The main
positive quality is guaranteeing good hardness after hardening
and tempering (64.66 according to HRC). In a case of use in
chromium-nickel steels, it promotes uniform structure and a
decrease in the growth of the grain during heating. Because
of its hardness, it is widely used in instrument steel and
alloys.
14. Phospitorus: Essentially impr~ves casting qualities of
cast iron (fluid-flow).
15. Boron: In small quantities it greatly improves hardenability
of steel, In particular, chromium-molybdenum. An increase in
the q iantity of more than 0.007% causes heat cracks
(hot-orittleness).
16. Magnesium: Facilitates obtaining a speroid structure of
graphite and significantly improves the strength and ductility
of cast irou.

-12-
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TABLE 4.* GENERAL CHARACTERISTICS OF ALUMINUM CAST ALLOYS

I CIICTCIs 2 611611H 3 (Ocalosiuc 0o~ukef c3OAC-r

4 Ha oCHose Al -SI SAJfl2; AJ141 AJ14B;. 6 BMCOKHe JINTCAitwe KaqeCTID6,
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y cnnae8os cmCTehibi Al-SI, *apo.
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3111111CM
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Key for Table 4. 1. System; 2. Brand; 3. Basic general
properties; 4. On a base Al-Si (hi-h-silicon Silumin,
6-137. Si); 5. AL2; AL4; AL4V; AL9; AL9V; 6. High casting
qualities, corrosion resistance, strength, ductility. During
casting, modifiers are used. Decreased machinability by
cutting and heat resistance; 7. On a base, Al-Si-Cu
(low-silicon Silumin, 4-6% Si); 8. AL3; AL3V; AL5; AL6; ALlOV;
ALl4V; ALI5V; 9. Slight decrease in casting qualities.
Modifiers are not used. Higher heat resistance and machinability
with cutting than alloys in the Al-Si system; 10. On a base
Al-Cu (up to 67. Cu); 11. AL7; AL7V; ALl9; 12. After thermal
processing distinguished by good mechanical qualities, especially
the magnitude of the yield point. Lends itself well to
processing by cutting. Decreased casting properties,
hermeticity and corrosion resistance; 13. On a base of Al-Mg
(9.5-11.5% Mg); 14. AL8; ALl3; AL22; AL23; AL23-1; AL27;

AL27-1; AL28; AL29; 15. Usually subjected to hardening.
Distinguished by the best strength and impact strength.
Characterized by corrosion resistance. Lends itself well to
processing by cutting. Has decreased casting properties and
hermeticity; 16. On a base of Al and other elements
(including Ni, Zn, Fe); 17. ALl; AL20; AL21; AL24; AL25;

AL26; AL30; ALII; ALI6V; ALI7V; ALI8V; 18. Alloys ALl, AL20,
and AL21 are included in a subgroup of heat-resistant alloys;
alloys AL25, AL26 AL30--- in a subgroup of piston alloys (even
greater heat resistance, up to 300 C and higher).

§ 3. Mechanical, Physical and Technological Characteristics of Metals
and Alloys

Mechanical properties of steel, cast iron, non-ferrous metals, and
alloys, are deLtrmined experimentally on samples during various aspects
of their loads. The mechanical characteristics (Table 5), determined
"on the basis of testing sanples for stretch, impact strength and fatigue
resistance, are of the greatest use.

1
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TABLE 5. BASIC MECHANICAL CH&AMCTRRISTICS OF METALS AND ALLOYS
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TABLE 5 (CONTINUED)
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Key for Table 5. 1. Parameters; 2. Definition (contents)
of characterbitics; 3. Accepted designation; 4. Dimension;
5. Cdlculating formula, A. Tensile strength (critical
point); a, Stress corresponding to the greatest load,
preceding breakdown of the sample; B. Yield point (physical)
tensilel; b. The smallest stress under which, in spite of
prolonged deformation of the sample, significant increase
in load does not occur; C. Specific elongation, tensile2 ;
c. Ratio of the change in the calculated length of the
sample after tearing to its original length; D. Relative
reduction in area uniler tearing; d. Ratio of the smallest
area of a cross section of the sample in the area of tearing
to the original area of its cross section; E. Strength
under compression; e. Stress, corresponding to the greatest
load preceding breakdown of the sample; F. Strength when
bending; f. ditto; G. Impact strength; g. Work expended
for impact fracture of the sample cut, referring to the area
of the cross section of the sample in the region of fracture;
H. Fatigue limit, h. The largest value of maximum stress of
the cycle, under which fatigue breakdown of the sample does
not occur under N cycles of the change of stress4 . I. Brinell
hardness; i. Ratio of load to area of spherical depression
produced by pressing a hardened steel ball of known diameter into
the test material. J. Rockwell hardness 5 ; J. A conventional
quantity reciprocal to depth of depression of a diamond tip
(scales C or A) or a steel ball (scales B and F) into test
material. K. Microhardness (and Vickers hardness) 6 ; k. Ratio
of load to lateral surface area of a depression produced by
pressing a tetrahedral pyramid into a manufactured article.

Notes to Table 5. 1. In addition, the conventional (technical)
yield point a -- the stress at which residual deformation in a

0.2

sample reaches 0.2% -- is distinguished; 2. For example length
five times greater than its diameter relative elongation is
designated 6 , for example length ten times greater it is designated

5

610 ; 3. Designations a and a are adopted for results of bending

fatigue tests, r and T for results of twist fatigue tests;
R

4. N is a large number prescribed by technical conditions (such
as 106, 107, 108) termed the fatigue test base; 5. In the auto-
motive construction and repair industry measurement of hardness
is usually taken according to scale C (hardened structural and
tool steels); 6. The index n in Hn is the standard load Value
in r [gram force] for measurement of microhardness and in kr
[kilogram force] for measurement of Vickers hardness; 7. The
designations B ,EPdo, and P in formulas are loads in the
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tensile, compression, bending, and surface hardness tests, kr
(kilogram force], Fo is the initial area of a cross-section of
the sample, mm2 , k is the initial length of sample, imn; Ak is
the change in length of sample during test, mm; F is decreased
cross-section area of sample during test, mm2 ; d is sample diameter,
mm; ", is impact work as determined by pendulum hammer, kfm
[kilogram meters], F' is the area of spherical depression, mm2 ;
dI is the diagonal of a square depression.

Mechanical characteristics applicable to cast iron are also
employed. They are determined by means of bending and compression
tests on appropriate samples. Twist, flow, and other tests also
exist; however, mechanical characteristics produced by these tests
are usually not employed for automotive metals and alloys. Hard-
ness of automotive parts made of unhardened steels, cast iron, and
nonferrous metals is determined by the Brinell method (GOST 9012-59);
hardness of hardened steel and hard alloys is determined by the
Rockwell method, scale "C" (GOST 9013-59); and hardness of
structural constituents of alloys and electrolytic and chemical
coatings are found by the microhardness determination method
(COST 9450-60).

The following should be regarded as basic physical characteristics
of metals and alloys: specific .gravity (g/cm3 ), coefficient of
linear expansion (d--10 6 mm/mm x deg), thermal conductivity
(cal/cm x sec x deg), critical phase transformation temperatures
(AS1 9 , AS3 9, Ach 3 , Achl), and melting temperature ('C). These
physical characteristics significantly affect efficient temperature
regimes for heat treatment of steel, cast iron and alualiiium parts,
forging and stamping of steel blanks, and various technological
properties of metals and alloys.

Technological characteristics properties are usually understood
to be those common physicochemical characteristics inherent in
given metals or alloys which determine their suitability for sub-
jection to certain technological operations to produce articles
possessing the required properties. Technological characteristics
include flowability, deformability, hardenability, weldability;
machinability, and others. For automotive repair and transport
enterprises machinability and weldability have the greater significance.

Machinability of metals and alloys is usually estimated by
amount of wear of the cutting part of a tool made of fast-cutting
steel R18 or hard titaniam-cobalt dlloy T5KIO. High-quality
carbon steel 45 (NV 170-180) is used most OftlL as a standard.

____ ~Other methods eXI,.L for evaluating machinabil.ty of met als ; accord-
ing to cutting force in particular. In this case -esults obtained
are usually ccmpared with cutting force for free-c'utt1ing steefl AL2.
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Weldability is a complex technological property determining capability
to produce, using an efficient technological process, a strong wear-
resistant joint or fused-on layer without substantially lowering operation:.:
qualities of a restored or manufactured article or welded assembly.
Weldability of metals and alloys is usually evaluated using terms such
as "good (without restriction)," "completely satisfactory," "satisfactory,"
limited (difficult)," "very difficult," and others. These terms are no:
approved by a COST; they are determined in accordance with accumulated
experience and results obtained by special laboratory research.

CHAPTER II. STRUCTURAL CAST IRONS

Modified (innoculated), jrey, and forged (malleable) cast irons are
most widely used in manufacture of automotive parts. High-strength cast
iron innoculated with magnesium has been successfully employed in recent
years and has prospects for broader application in casting semifinished
arti les (primarily for crankshafts, camshafts, replaceable cylinder
sleL ,'s, and others) in shell molds. Alloy cast irons are often used.
In individual cases anti-friction (bearing) cast iron and iron castings
possessing special properties (heat resistance, corrosion resistance,
and non-magnetic properties) are employed. In tables 6, 7, 8, and 9
data on mechanical properties of gr y, modified (innoculated), high-
strength forged (malleable), and anti-friction (bearing) cast irons are
presented.

Types of cast irons used most often in manufacture of automotive
parts are given in table 10. The chemical composition of cast iron
characterized by identical mechanical properties may have substantial
differences in coutent of manganese, silicon, and other components.



,: s seen in Tables 7, 7 and 8, GOST does riot regulate the zontent of
chemical elements in gray, modified, high 8trtngth and forged cast irons.

TABLE 6. MECHANICAL PRGOERTIES OF GRAY CAST IRON (GOST 1412-54)

C. rpe I.' n ile9,l Wi( s.

(ltleM2 nl' PIp .4 41|11 l~l•( l• ,ilipMI4I3 4,

dliiii O)•, 1144)44 I) l.'3 I Bifi" l} JU 61p'•{IP2 .. ... . IWI11'.101111 it 00 9

III, PIC_4_Ct .__ _I__ _ rlp . . . . . HiT I s dlrO

.4yr')a - _________m 1_1__

.. CTIU4{C 1431 .16C. °03BO(T300

_____ __________ 7 1 ___

C' I .2-28 12 -8 6 2 143-229 Orpxtm4IIIeilIIld 11
10 Ctl 13-32 15 32 8 2,5 163-229 WI-)poKoe 12

Ctl 18.-3o 18 36 8 2,5 17o-22'4
C'L 2i-,10( 21 40 9 3 170-229 0t paimln1emiwoe
C'] 24.41 2.t 4.4 9 3 170-229 II! o;)oKoe
CUl 28- 18 28 18 9 3 1 70-220 (J0 pamvieimlloe
C'l 32-52 32 52 9 3 187-225 Beci,%ia orpalm 13

CLI 15.5o Y3 56 9 3 197--'209-
C'] (A o) 38 ca 9 3 207-2691

Key: 1. Brand of cast iron; 2. 66 not less than, when

3. Stretching, kg (force)/mm2 ; 4. Bending, kg (force)/mm2 ;
5. Camber, mm, when testing for bending and when the distance

S between supports of the sample; 6. 600 mm; 7. 300 mm;

8. Hardness HB; 9. Application in automobile manufacture
and auto rep-ir industry; 10. SCH; 11. Limited; 12. Broad;
13. Very lI.Jited.

Annotation. Cast iron brands SCH 21-40, SCH 24-44,

SCH 28-48, SCH 32-52, SCH 35-56, SCH 38-60 are modified with
powdered ferro-silicon, aluminum-siliLon, -alcium-silicon,
graphite and other modifiers.

Automobile factories when making specific components by accepting single

brand.s of cast iron, tolerate (in connection with operating conditions of t0-

components prepared, peculiarities of ncoduction, the quantitative and

qualitati-e composition of the stock materials delivered) a divergence in

the composition of the basic chemical components, and use various ailoying

addition, and modifiers. In some automobile factories, besides ýo, instead

of) governmenL st,>ndard matecial, they use their own factory brand of gray

and modified cast iron.

Lov,-alloy cast i.-n. (with contents up to 3.5-4.0% Si, 1.5-2.0%. Mn,

0.37. P and -jp to 1.07. Cr, Ni and Cu) are used in automobile manufacture,

primatily for rmaking cylinder 'iners, piston rings, camshafts. High-alloy



TABLE 7. MECHANICAL PROPERTIES OF HIGH STRENGTH CAST IRON
(GOST 7293-70)1

MM tK3 qyryHa 0i 0.. " ( '",

3t 1 3•-17 I 3821 17 6,0 ,.4,j- 170

7 11tl 12-12 42 28 12 4.0 I ;0-200
[1' 4. 5 5 45 33 5 3,) Io0.-220

IN 5 50250 38 2 2,0 160 -2W
Bt1 60-2 60 40 2 2,0 200W-280
BtL 70.3 70 40 3 3,0 229-275
BL0 80.3 80 50 3 2,0 220-300
B1l 100.4 100 70 4 3,0 302-369
BLi 120-4 120 90 4 3,0 302-369

Key: 1. Brand of cast ironi; 2. 58 , kg (force)/rnm2 ;
3. 6,- , kg (force)/mm2 ; 4. % , 7.; 5. aj4 , kg (force)m/cm2 ;
6. Hardness HB; 7. VCH

Footnote 1. Not less than tl~e values shown.

TABLE 8. MECHANICAL PROPERTIES OF FORCES CAST IRON
(GOST 1215-59)

Il , ',I I N'l.• . fie WCe '.lh,.)~uJ 'tL I

2 *e3 1 ui

1K(l do-t 3u 6 40

5 KL 33.8 33 8 163

K1L 35.10 35 10 16

KLI 37.12 37 12 6J

KM 4q56 45 0

1KL 50.4 50 4

.\i 56-4 56 4 "'I

K 11 t,.3 ()0 3

+ 1 (1t3-2 03

Key: 1. Brand; 2. 66t , kg (force)/=2, not less than;
3. % , 7; 4. Hardness RB, not more .hart; 5. KCH

cast irons, (with contents of specific, alloying compon-nts greater than

S7-10.) are used for making insert vaivz seats and 1njerts for the upper part

"of the cylinder liners of the engine. White and refined cast irons are used

mainly for surfacing the lower wor,,iag surface of the push rci,

preparation of the ends of working burfa.e, or ';he brake oihoea.
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In recent years in automobile manufacturing, they use cast iron
components, made from ceramic-metal which are distinguished by very good
resistance to abrasion, thanks to their capability to absorb grease in the
pores. Ceramic-metal cast iron components (primarily piston rings, valve
guide bushings) are made from various powdered burden materials by caking
under pressure at approximately 6.5 '/cm2 in a hydrogen atmosphere
(temperature about 11000C, time about 2 hours). For making ceramic-metal
components they use, in particular, ferrous powder, obtained by a nmethod of
reduction of rolled sinter (GOST 9849-61), graphite powder, (brand EKB,
according to GOST 4404-58), chromium powder (VTU-54 [Vremennye
Tekhnicheskie Usloviya, Provisional Technical Specifications]), copper
electrolytic powder (brand PM-1 according to TSMTU [Tsvetnye Metallurgicheskie
Tekhnicheskie Usloviya, Non-ferrous Metallurgy Technical Specifications]
4451-54). At several auto repair industries, they make bushings of the
camshaft for engines YAAZ-204, YAAZ-206 from ceramic-metal materials. Tae
chemical content of cast irons and ceramic-metal materials used for making
automotive components, in particular liners of cylinders, piston rings,
crankshaft and camshafts, push rods, valve inserts and seats, are presented
in Tab:!s 11, 12, 13, 14, 15. In Table 16 are shown the basic technological
and operational propeities of cast iron used for making automctive parts.

-20,



TABLE 9. CHEMICAL CONTENT AND HARDNESS OF ANTI-FRICTION
CAST IRONS (GOST 1585-57)

Cl C,

C cl) Cl. 0
u 60 0 1 I

Vp 0 0

clý

0 0 v

0 0 0 0 0' 0m

0 ; 04 0 0

I', ~ c 1__ __ _ __ _ __ _ ___1 _ _

C ~ ~ c IC') ir. Ir. Cl

0o 0 0 1 0 0l 0

-' -'t -t, -Cl, C')
C',I c c i I li V 104

Cl-0C1 a)00 * 3

.q C14 CD C C C C

r x

C .00

V- 0
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Key for Table 9. 1. Brand of cast iron; 2. Shape of graphite;
3. Group of cast iron; 4. Hardness, HB; 5. Chemical content, 7.
%.; 6. Mg*, not more than; 7. ASCH-l; 8. Flaky; 9. Gray;
10. AVCH-l; 11. Spherical; 12. High strength; 13. AKCH-l;
AKCH-2; 14. Annealed carbon; 15. Forged; 16. Up to.

Annotation. Letter designation: A- anti-friction, SCH,
VIVC and KCH--- respectively, gray, high-strength and forged

cast iron. Cast iron of brand AKCH-2 has hardness HB 167-197.

* According to chemical compound tendency to be raiected.

** Lower limit--- for casting subject to .... •--•in.
*** When the content of. carbon is at the upper limits and

content of silicon is at the lower limits.
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TABLE 10. THE MOST WIDELY USED BRANDS OF CAST IRON IN THE
MANUFACTURE OF AUTOMOBILES AN~D CHARACTERISTIC EXAMPLES

OF COM4PONENTS PREPARED FROM THEM

1 2

3 Cepue 4yryk~u. a
A CY 15.32 ,Kopuycw i 3o~niiibx it maCJsinuLx iiarocoi, 6noxic if ro.

KA,111la:1013. MaI.OIIII1KII (A3MA, rA3-51 11 All.), KPAUKSI
KapTCphi, KOlO6OK flepcAd'l KapVTCpbI ciItfJ1Žl~l~if, 6.10ioI,
1111111sAPoo) AlitraTenllŽ (3MR13.64), UnyCl(IiUC Tpy6ollpoijo-
ALAi. IMMUN1I11,IUC AlICKIt cuenn~emin~ if A1p.

B C4 i8.&r, b haxotowii cF'A3-21, !'A3-53. 311-13U), KaPTCPU Xop0.
60K ncpcnd'i (31131-164, 31131- 330), Kap~epbl cuCI1JCIIin

3H1 6410Kun 1llfJli~ilIpC4 (31'1JI1. 30). ueAyuuie n.mcKu ciicn-.-1,r'?2 2.Z..I. rriao~isii It KOAiCCI~hI TOPMO3LILLC

I atuinwi~pu (1-A3-53), Tapr0iomiwe 6apa6amia (rA3.53),
DI YCKIIIIC TI)Y6011P030011 It AP..

'4yrytbi i

c Cq 21-4u c rilAb3ld UIIIIIIIAPOIJ ABlaraTCJICI 5A3-201, 51A3-236 it fix
moAII4ipIKi1111141, TOPNIO3imeZ 6apa6llitb, itetymnII ALICKH

D Cq 24-44 d rlt.Fb3bI1 IIIIIA11POD ALUitrTCj1C, rA3*53, ftomj wimim-,.
poo ,miiirar.,es (['A3-51, AQ3MA), 11eAYulC AIICKII CkICII.
neisiL, KapTephl i Kpi~wKiI icopo6OK nePCAall (rA3-53)

E BUCOK011poqnbLA tly. e3 JI(O:CIIdThW uaniw (rA3-53, I'A3-21, 3A ,3.965), 11111 A

5 Kob~~lie qyrytybiui WAK71,103,wiJClr

F Kti 35-10 I(.apicpblt jpC21yITopon, rintulnlx riepcaa'i it pyjleu~ijx m'e-

ILreiI ii1i I)CCC01).I 01LD9'C 1(11 IICA,1.IiI, 'CT;]Kll (i4 I10;IlXll~,IiI
wil V.-O~b 3C iAd. ,leC I pell I. .ifilI~hX liepC~al , lieA'laBIl
ClCNl e i si .1 011 IM10111:4c KOiOAKI<Ii (331.T - 130). K P IA12.1KUII 1Oj~-
111111ii1i1xOHIilielyii ro Ba~ia KopO6KII neptiAwI. KOI~flechI

CTYiilII1A KOAiC., KIa,\TCpIl It KPIIIIUKII PCAY'KTopoII ifAy
rueC 1eT,,'AuI aI)T0\0611.'CII ASA3

K'1 50.4 h 1\03)6KlI UiTCAAHiuTOB (3A3-965)
.9rirpo0iallllze I1 0T- i Il03)LIlelileA K<0.11,141, U~pXMIIC TICT30hiI 11.1.1Ui.1I~.~ui

paCllpeacliea.bilhIc Pd.iLJ, ue~y11kie AILCKII CIL1llae1oimg
(niioraa), liatlulaLUK r) MIaTCA61.I TvpOJ.131114C 6apa6.I if

CISlI marepilaJId KalllaIRIull
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Key for Table 10: 1. Brand of cast iron; 2. Components
made; 3. Gray cast iron: A. SCH 15-32; a. Housings of
water and oil pumps, blocks and heads of cylinder compressors,
ýýlve guide bushings, fly wheels (MZMA, GAZ-51 and others),
reduction gear boxes, clutch housings, cylinder blocks of the
engine (ZIL-164), intake water pipes, clutch pressure plates
and others; B. SCH 18-36; b. Fly wheels (GAZ-21, GAZ-53,
ZIL-130), reduction gear boxes (ZIL-164, ZIL-130), clutch
housings (ZIL-164, MZMA), cylinder blocks of the engine and
bushings of the cylinder blocks (ZIL-130) clutch driving
plates (GAZ-21, ZIL-130), main and wheel brake cylinders
(GAZ-53), brake drums (GAZ-53), supply manifold and others;
4. Modified cast irons; C. SCH 21-40; c. Cylinder
liners of engine YAAZ-204, YAAZ-236 and their modifications,
brake drums, clutch driving plates; D. SCH 24-44;
d. Cylinder liners of dngine GAZ-53, cylinder blocks of engines
(GAZ-51, MZMA), driving plates of the clutch, reduction gear
boxes (GAZ-53); E. High-strength cast iron VCH 50-2;
e. Crankshafts (GAZ-53, GAZ-21, ZAZ-965), cylinder liners,
camshafts, rocker arm shaft brackets of the engine valves;
5. Forged cast iron; F. KCH 35-10; f. Housings of
reducing gear, of the main transmissions and control mechanisms,
housings of planet pinions, wheel hubs, brackets of the spring
suspensions, foot pedals, sockets of shaft bearings of the
main transmission, clutch pedals, brake shoes (ZIL-130),
bearing bushings of transmission drive gear housings, of towing
equipment and others; G. KCH 37-12; g. Housings of steering
mechanisms, housing of planet pinions, wheel hubs, housings
and lids of reduction gears and other components of automobile
MAZ; H. KCH 50-4; h. Housings of planet pinions (ZAZ-965);
I. Alloy and refined cast iron; i. Piston rings, upper
insert- of cylinder liners, cylinder liners (sometimes),
valve Jeat inserts, camshafts, driving plates of the clutch
(sometimes), surfacing of rods, brake drums; J. Ceramic-
metal materials; J. Piston rings (sometimes), valve
guide bushings.
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TABLE 11. CHEMICAL COMPOSITION OF CAST IRON CYLINDER
LINERS OF AUT(OOBILE ENGINES

1 2 3 np.cepi.iA

rUmIaub (mc algn) uHAHNApS, YCTaHa08iHUSIOT Na AsHra.

WA~epsa8a TUO2SC /Mn IS,INI

10
5 Cyxas cmelIa, g1A3-204 3,2- 0,5- 2,3- 0,30-q._. 21.4 3,5 0,8 2,6 0,7o

RhQ3.236 3,2- 01.6- 2.1-0,12-
3,5 0.8 2.4 0,15

12
6 MoxpaR. C4 24.44 rA3.53A 3,15- 0,6-- 2,2-0,15-1

1 3.35 0,o8 2,4 0,35

7 ioxpan, CLI 18-36 3HA;f1-]0 3,20- 0,5- 2,0- a1,o
3,40 0,8 2,3 0,25

14
8 BucoxOierHpoanHaNS [i1TOMia n nepxni 2,45- 0,6- 2,5- 13,0-
aRHtKoppoSHOI.HaR 'iHpe. iactb r1nb3 3AJ1.130, 3,00 1.0 3,0 17,0

saCT) rA3-53, uHMMAnpoB
rA3.51, M3MA H Ap.

9 1-5
"fa~auo~eimcra J.fl.~ pesiona 1111.11111A. 3,5- 0,7- 9,3- <0.15

poD anrate~Iefl rA3;51, 3,6 0.8 2,5

M3MA H Ap.
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Table 1i, con't.

XUMI4'ICCKHII COCT3B, % 4

Cr I Cu J TI p s 
'4 

4

15
0,3 -0,6 0, 15--0,40 0,03-0,08 <0,20 <0,12 IIRC 42-45

(3a':aJ.a) 16

0.3 -0,45 0.15-0,40 0,03-0,08 <0,20 <0,12 HRC 42-45
(3aaaKaI) 16

0,20-0,35 0,18-0,25 <0, 12 iB 187-241

0,25-0.40 0,15-0.20 <0,15" HB 187-229

1,8 -2,2 7-8,5 0,40-0,70 <0,-12 HB 156-197

<0,15 1,5-1,8 0,1 -0,3 <0,45 <0,45 HB 229-269
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Key for Table 11: 1. Liners (inserts) of the cylinder,
material; 2. Installed in the engine; 3. Exemplary chemical
composition, %; 4. Hardness; 5. Dry removable, SCH 21-40;
6. Wet, SCH 24-44; 7. Wet, SCH 18-36; 8. High alloy
anti-corrosion (Ni-Resist); 9. Titanium-copper; 10. YAAZ-204;
11. YAMZ-236; 12. GAZ-53A; 13. ZIL-130; 14. Inserts in
upper part of liner of ZIL-130, GAZ-53, of cylinders of GAZ-51,
MZMA and others; 15. For repair of cylinders of engine
GAZ-51, MZMA and others; 16. Hardening.

Annotation. Cast iron brands SCH 21-40 and SCH 24-44
are modified during casting. On GAZ and YAMZ, ceramic-
metal ferro-silicon, ferro-silicon with aluminum, ferro-
silicon with graphite, ferro-silicon with cryolite are
usually used. For substitutes for Ni-Resist and for
obtaining abrasion-resistant bushings without inserts NAMI
(Tsentral'nyi Nauchno-Issledovatel'skii Avtomobil'nyi i
Avtomotornyi Institut, Central Scientific-Research Institute
of Automobiles and Automobile Engines] developed a chromium-
silicon alloy of the following chemical composition:
C 2.2-2.5%, Si 0.6-1.5%, Mn 0.4-0.9%, Cr 13.0-16.0%,
F up to 0.3%, S up to 0.167; hardness of the liner after
annealing, HRC 28-32; for improving the working surface of
the liners a layer of sulfo-cyanagen is applied.
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TABLE 12. CHEMICAL COMPOSITION OF CAST IRONS AND
CERAMIC-METAL PISTON RINGS
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Key for Table 12. 1. Material; 2. Manufacturer; 3. Chemical
compound, 7.; 4. Hardness HB; 5. Perlite gray cast iron;
6. GAZ; 7. Up to; 8. Cast iron alloy; 9. ZIL.

Annotation. For engine YAMZ they use spherical-graphite
high-strength cast iron, modified with magnesiuA. On some
brands of domestic engines ceramic-metal compression rings
have been successfully used on an iron base, including
carbon and an alloying additive in the following quantities,
7.: L) C-2, Cr-3; 2) C-2.5, Cr-0.35, Ni-l.2; 3) C-2.5,
Cr-0.35, Mo-0.50; 4) C-2.5, Mo-0.40, Ni-l.2, Cr-0.25.
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TABLE 13. THE CHEMICAL COMPOSITION OF ALLOY AND

HIGH-STRENGTH CAST IRONS, USED FOR MAKING CRANKSHAFTS
AND CAMSHAFTS OF ENGINES, SURFACING OF PUSH RODS
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Key for Table 13. 1. Cast iron; 26, Use in auttomobile
construction; 3. Exemplary chemical composition, %;
4. Hardness, HRC (after temper-ng); 5. High-strength
magnesium cast iron VCH50-2; 6. Gray alloy cast iron; 7
7. Alloy refined cast iron; 8. Billet casting of cam-
shafts of engine GAZ*; 9. Ditto, ZAZ (MeMZ), 10. Billet
"casting of crankshafts of engines GAZ-21 CA', (.L-13**;
11. Surfacing of rods; 12. Not less than.

* Modificatfon occurs in an autoclave under pressure

5-6 kg (force)/cm with metallic magnesium. Besides this,
in various ladles 0.3% of 70% ferro-silicon and 0.05%
cryolite are introduced.

** Steel drive gear; drive gear inserted in the billet
in a casting mold before pouring the cast iron.

*** Moreover, 0.2-0.3% nickel is introduced into the
composition of the cast iron.

- 1
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TABLE 14.* CHEMICAL (,OM~POSITION OF CAST IRON VALVE
SEAT INSERTS'
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Key for Table 14: 1. Cast iron; 2. Installed in engine;
3. Chemical composition, %; 4. Not more than; 5. Gray
perlite$ 6. ZIL-164; 7. Refined (perlite-cesehardened);
8. GAZ-51, GAZ-21, MZMA, MeMZ, GAZ-53; 9. Austenite;
10. ZIL-130; 11. Refined (perlite-casehardened);
12. YAMZ-236; 13. High-strength2.

1. In the engine of ZIL-130 and its modifications,
seat inserts are also installed made from high-carbon alloy
steels.

2. There is a tendency to replace valve seats of alloy
gray cast iron with a high-strength alloy cast iron to
guarantee especially nign strength. The chemical compositions
presented of high-strength cast irons are intended for making
valve seats but do not cover all possible variations.

r
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TABLE 15. CHEMICAL COMPOSITION OF ALLOY CERAMIC-METAL
VALVE GUIDE BUSHINGS1
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Key for Table 15: 1. Ceramic-metal material; 2. Chemical
composition, %; 3. Other additives, not more than; 4.
Chromium; 5. Chromium-nickel.

1. For improving abrasion resistance of ceramic-metal
guide bushings the latter can be subjected to sulfonation
in baths (solution Na2S at t = 250 0 C), to soaking in melted
sulfur or to sulfonation (solution compound: KCl--- 507.,
Na2SO4--- 40%, NaCN--- 10% at t = 560-5800 C, time 2 hours);
after this, the bushings are graphitized in oil, made up of
a solution of colloidal graphite.

2. Besides this, they use a compound distinguished from
that shown by a decreased content of carbon from 92.45-93.50%
and the presence of 0.65-0.70% manganese. Ceramic-metal
bushings are used in overhead valve engines.
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TABLE 16.* TECHNOLOGICAL AND OPERATIONAL PROPERTIES
OF BASIC TYPES OF CAST IRONS USED FOR PREPARING

AUTOMOTIVE COMPONENTS.

0 r-4 0Cl. ,4 0 co ~ ij~
u ~

C, o m

CL 0

o 16

00
C)q

r-4 0

4C-

000.G ~ C.~

' j mo r4

0~ Cl)

-36



Table 16, con't.
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Key for Table 16: 1. Cast iron; 2. Casting method;
3. T.,•rmal processing; 4. Possibility of preparing billets
under the conditions of the automotive repair industry;
5. Machine tnol capability; 6. Weldability 3 ; 7. Abrasion
resistance; 8. Gray; 9. In earthen forms, centrifugal
casting; 10. Emollient annealing (temperature approximately
6000 C) or normalization for improving woikability (sometimes);
I1. Possible; 12. Good (improves when ircreasing the content
of graphite and the degree of dispersion of structural
ingredients); 13. Completely satisfactory; 14. Completely
satisfactory; 15. Modified; 16. Ditto; 17. Ditto;
18. Ditto; 19. Ditto; 20. Satisfactory; 21. Better than
gray cast iron; 22. High-strengthl; 23. Casting in sheathing
forms; 24. Induction hardening; 25. Practically Impossible;
26. Co~mpletely satisfactory; 27. Ditto; 28. High (aftei
hardening); 29. Alloy, gray and others; 30. Casting in
earth, sheathing forms and other methods; 31. Tempering,
full hardening or induction hardening; 32. Ditto;
33. Satisfactory; 34. Low; 35. Ditto; 36. Refined and
white; 37. Surfacing on special automatic and semi-
automatic; 38. Self hardening; 39. Practically impossible;
40. Very poor; 41. Very high (in particular when
containing Ni, Mn, Cr, Mo, B); 42. Forged (ferrite class);
43. Cast in earthen forms; 44. Many hours, (20-40 hours)
two-stage (tl = 920-9700 C, t 2 - 720-7600 C) annealing;
45. Ditto; 46. Good; 47. Weldability low. Possible
fusing of the surface by an electrical impulse method;
48. Completely satisfactory.

1. Crank pins from high-strength cast iron posses
high abrasion resistance and do not have a tendency to scratch.

2. Refined cast iron differs from white by the
propagation of a hard, abrasion resistant atructure On the
external layer, when there Is gray or modified cast iron in
the rest of the contents. White and refined cast iron work well
under abrasion when there are very high specific pressures
with limited lubrication or even without lubrication.

3. Materials for welding and surfacing are given in Chapter
V of this handbook.
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CHAPTER III STRUCTURAL STEEL

Structural steel is widely used in the production and repair of
automotive components, the preparation of non-standard repair and operational
equipment and attachments. For this, both carbon and alloy steels are widely
used, preferably in both cases with low- and average-carbon.

Carbon steel intended for casting, and low alloy structural steel
(GOST 5058-65) are less widely used in automobile manufacturing.

§ 1. Carbon Steels

Cnrbon structural steels (Table 17) are subdivided into steels of
ordinary quality, steels with special designations, high-quality carbon
steels and steels intended for casting.

In automobile manufacturing and repair industries, the most widely used
are steels of ordinary quality, high-quality carbon steels and automatic
steels.

Steels of ordinary quality are subdivided into three groups: A, B,
and C.

The mechanical properties (by group A and B) and the chemical
composition (group C) of the steels mentioned are presented in Tables 18 and 19.

Ordinary quality steels are used at automobile factories for preparing
comparatively few automotive components, whereas they are widely useJ in the
automotive repair industry for the preparation of welded and bolted
constructiom, non-critical or average support components and iormal
non-standard equipment and attachments. The chemical composition and
properties of automatic steel are given in Table 20. These steels, as they
are distinguished by especially good machinability, &re widely used in
automobile construction and the auto repair industry for making standard
and some small parts.

In Table 21, data are presented on steels with reduced hardenability,
used in autorooile construction. Technological properties and the main area
of use of steel of ordinary quality and steel of special designation are
presented in Table 22.

High-quality carbon steels are widely used for making components of
automobiles, for their reconditioning at automotive repair industries, and
for making non-standard instruments and attachments. In particular, high-
quality carbou steels are used for making almost all components, units and
apparatuses of steel rolled goods (cabins, bodies, fenders and so forth)
many critical components of the crankshaft-connecting rod mechanism of the
engine, Cardan shaft, frames, the preparation if various springs and so
forth. In recent years when producing some automobile components average-
carbon high-quality steels, which are surface hardened by induction, and also
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steels with reduced hardenability replace previously used alloy steels which
were casehardened; this is very effective from the point of view of economy.
The chemical composition and mechanical properties of carbon high-quality
steels are presented in Tables 23, 24, 25 and the technological properties
in Table 26. Data on carbon steel for casting is shown in Table 27.

k In Table 28 data is given on the use of actual brands of carbon steels
of various groups in making specific automotive standard components.

-40-
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EABLE 17. CLASSIFICATION OF' ýARBON STEELS
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Key for Table 17: 1. Trademark of the steels; 2. Ordinary
quality, GOST 380-60; 3. Special designation; 4. High-quality
GOST 1050-60; 5. For casting, COST 977-65; 6. Group A,
supplied according to mechanical propprties; 7. Group B, supplied
according to chemical composition; 8. Group C, supplied according
to mechanical properties with additional requirements for the
chemical composition; 9. For boiler and container construction,
GOST 5520-62; 10. For bridge construction, GOST 6713-53;
11. Automatic steel, COST 1414-54; 12. Average-carbon steel
with reduced hardenability, TU [Teknicheskie Usloviya,
Technical Specifications] 77-77-64; 13. Group I with
standardized content of magnesium; 14. Group II, with increased
content of the magnesium; 15. St; 16. MSt; 17. KSt;
18. BSt; 19. VMSt; 20. VKSt; 21. K; 22. KG; 23. Ml6s;
24. St.3 bridge; 25, A; 26. A40G; 27. PP; 28. G;
29, L.

Annotation. 1. Steel of group A, by a method of smelting
can be Martinized, oxygen-converted, Bessemerized (in the index
the method of smelting is not shown).

2. Designation of steels of groups B and C:
M--- Martinized, K--- Oxygen-converted, B--- Bessemerized.

3. Steel of ordinary quality of all groups with the order
of numbers 1, 2, 3, 4, are prepared: rimmed (kp), semi-
killed steel (ps), killed steel (sp), with the series of numbers
5, 6, 7--- semi-killed and killed.

4. Steel of high-quality carbon by a method of reduction
can be subdivided into killed, rimmed and semi-killed. Trade-
marks of rimmed quality carbon steel: 05kp, 08kp, lOkp, 15kp,
20kp, 25kp. When dolivering semi-killed steel and designating
"the brand, one can add nickel "ps".

-42-



TABLE 18. MECHANICAL PROPERTIES OF STEEL OF
ORDINARY QUALITY, GROUPS A AND B

1 ~~4 5 fuwase a11.7

-MapK craal r1 XOFnOAIHOM lie
COCtOR1111 Uea e," ...

8 CT. 0 -o 32 18 22 d=2S -
CT. I 9 1 - 32-40 28 33 Be3 -

CT. 2, BMCT. 2, BKCT. 2 19-22" 32-40 26 31 To mel 3  -
CT. 3 21-25 38-47 21-23 25-27 d =0,5S -
BMCT. 3, BKCT. 3 21-25" 38-47 21-23 25-27 d =0.5S 7-10
Cr. 4 24-26 42-52 19-21 23-25 d=2S -
BMCr. 4, BKCT. 4 24-26 42-45 19-21 23-25 d=2S 6-8
Cr. 5, BMCT. 5, BKCT. 526-28(30) 50-62 15-17 19-21 d=3S -

CT. 6 30-31 60-72 11-13 14-16 --
CT. 7 - 70-74 8-9 10-I1 - -

ii 6o.iee

Key: 1. Brand of steel; 2. yr , kg (force)/mm2 ;3. GoB , kg (force)/mm2; 4. 6a, , %; 5. 6.5 , %;

6. Testing for bending at 180 0 C in a cold state****;
7. C , kg (force)/cm2 , not less than***; 8. St.;
9. VH4St.; 10. VKSt.; 11. and more; 12. Without
a mandrel; 13. Ditto.

* Variation of the values enu~merated depends on the
thickness of the rolled goods (minimum value for batch
steel up to 40 mm, shaped up to 15 im=, sheet from 4-20 mm).

** For steel VMSt.3kp and VKSt.3kp of an average
section, the yield point must be not less than 33 kg
(force)/mm2.

*** S--- thickdess of the sheet; D--- Diameter of

-the mandrel.
*A** Minimum values--- for sheet maximim--- for a batch of

of rolled goods.
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TABLE 19. CHEMICAL COMPOSITION OF STEEL OF ORDINARY
QUALITY (GROUP B)

. 2 X11MsiecwAn coCTas %"

A la p x N c MA O C % 1" 1 P , He 6Oo ne v. S . He 6 o Jt e 3

4 BCr. 0 He 6oae '0,14 - 0,090 0,070
5 AICT. 0. KCT. 0 6 He 6owiee 0,23 - 0.070 0,060

MIC. i, KCT. 1 0,06-0,12 0,25-0,50 0,070 0,060
ACT. 2, KCT, 2 

3 0.09-0,15 0,25-0,50 1 0,045 0.055
13CT. 3 He 63..zz ', 2 O ._ - ,' ",,,0 u,.10
BCT. 47 0,12-0,20 0,35--0,55 0,080 0,060
MCT.3Un, KCT.31CU 0,14-0,22 0,30-0,60 (,015 0,055
M.Ci .3¢C, KCT.3nc, 8
MCT.3cii, KCT.3cn 9 0,14-0,22 0,40-0.65 0,045 0,055
ACT.4, KCT.4 0,18-0,27 0,40-UJ, 70 0,045 0,055
bCT.5 0,17-0,30 0,50-0,80 0,080 0,(w0

MCT.5, KCT.5 0,28-0,37 0,50-0,80 0,045 0,055
bCr.6 0,26-0,40 0,60-0,90 0,080 0,060
AiCT.6, KCT.6 0,38-0,49 0,50-0,80 0,045 0,055
ACT.7, KCT.7 0,50-0,62 0,50-0,80 0,045 0,055

Key: 1. Brand of steel; 2. Chemical composition, %*;
3. Not more than; 4. BSt.; 5. MSt.; 6. KSto.;

7. kp; 8. ps. 9. sp.

* Contents of silicon: in rimmed steel either not

expedient, or not more than 0.07%, in semi-killed

steel, either not expedient or in limits 0.05-0.15%, in

killed steel either not expedient or in limits 0.12-0.35%.

TABLE 20, CHEMICAL COMPOSITION AND MECHANICAL PROPERTIES

OF AUTOMATIC STEE.LS (COST 1414-54)

2 .XItM11'1,XHH1 .OCTJIJ a. .X8l11eCK c oKIte c Tua

C mill C SI MhI 4s., -o. 5 %oc 0. /.

A 12 0,08- 0,15- 0,60- 0,08- 0,08- 42-51 22 160-2
0.16 0.35 0,90 0,20 0,15

A20 0,15- 0,15-- 0,60- 0,08- 0,03 46-01 20 168-2j
0,25 0,35 0,90 l. 15

A30 0,25- 0,15- 0,70- 0,08- 0.05 52-67 15 185-24
0,35 0,35 I,(X) 0.15

A40r 0,35- 0,15- 1,20- 0,18- 0,05 60-75 14 207-22
0,45 !,5! 0,30

Key: 1. Brand of steel; 2. Chemical composition, %;

3. Mechanical properties; 4. Not more than; 5. kg
(force)/mmr
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TABLE 21. THE CHEMICAL COMPOSITION AND MECHANICAL
PROPERTIES OF AUTOMOTIVE STEELS OF REDUCED HARDENABILITY

2h• •HMH4•V Kl CMeC& x ae i iecl' KtllC Cuof•cr B."

4Cf N .A, r/ W P l I$
C~JH C Mn S .6

6 60I7

55f11 [0,55-0,20-0-0,I0-0.080,08 - 0- .04 0.04 170 150 4-5 3-4 :.b -63

(TY77. 0,63 0,30 0.35 (cupatue-

26-28)

8

%I-IiPA 0,52--0,20-- ,10- 0,15 1 5010 U. 4 ,04 0,04 180 160 4-5 3 58-61

(TY 0,60 0,35 0,30
8-66) 25-30)

Key: 1. Brand of steel; 2. Chemicai composition;
3. Mechanical pr~perties; 4. Not more than;
5. kg (force)/mm ; 6. 55PP (TU 77-77-66);
7. Core; 8. NIPRA (TU 8-66).

* The presence of selenium in steel NIPRA
gives the latter an improved resistance to
abrzsion, better mechanical workability, facilitates
fast processing of working surfaces of components
made from it,

** Hardness after tempering (in a 5% solution
of NaOH with temperature of heating 820-840 0 C) and
tempering (when heating to 180 t 100 C and 2 hour
holding).
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TABLE 22. TECHNOLOGICAL PROPERTIES OF STEELS OF ORDINARY

QUALITY AND SPECIAL DESIGNATION, USED -N AUTOMOBILE

MANUFACTURING, IN AUTOMOTIVE REPAIR AND AUTO

TRA? SPORT INDUSTRIES

't aO• --

u' o- .1- ,

v X 10 " 0': '•"

c, o k tc - - , ,

00 u -•

c: ý-- =/+6-

00

I. a- ORu0:

4 I -)

o t- -E4

0. FC. 4) 0'
0

x M1 - )

NO 
0~. a -

o -0 0

4 4 CIL -4 C~ .~ 'Jj .0

Moo

0 LN

t- co 0 1

0 " )
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Table 22, con't.
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Key for Table 22: 1. Trademark of steel; 2. Use; 3. Thermal
procesring; 4. Weldability; 5. Mechanical machinability2

(the coefficient of mac&lnability) when using tools; 6. From
steel R18; 7. From alloy T5KlO; 8. Reconmiended interval of
forging temperature; 9. At the beginning; 10. At the end;
11. St.0, St.l*; 12. Safety devices, armatures, anchorbolts
welded non-critical junctions; 13. Without processing;
14. Good by all methods; 15. St.2, St.3, St.4*; 16. Non-
critical bolts, nuts, rivets, welded construction, small load
components, components working with abrasion, with low
requirements for strength; 17. Without processing (or cyanidation)
hardening and low t emperature tempering; 18. Good by all
methods; St.4 is characterized by limited hand weldability,
under a layer of flux and in an atmosphere of carbon dioxide;
19. St.5; 20. Standard components supporting small loads
(armatures, bolts, screws, rods, axles, and others);
21. Without processing or hardening and low temperature
tempering; 22. Limited weldability by hand, under a layer
of flux, sa•d in an atmosphere of carbon dioxide (preheating
is rer inmeized and later thermal processing) (high tempering,
normalization); 23. St.6, St.7; 24. Average load components
(keys, wedges, rods, axles, drums, springs); 25. Usual
hardening and low temperature tempering; 26. Very difficult by
hand, limited weldability by contact method; 27. A12, A20;
28. Standard components with high requirements for precision
of dimensions or cleanness of processing, (bolts, nuts, screws,
plugs, thrust bearings, pulleys, sleeves, valve seats, axles
and others); 29. Without processing or (often) casehardening or
cyanidation, hardening and low temperature tempering; 30. In
connection with specially prepared components, welding is not
usually used; 31. Ve~y good with sulfur and phosphorus
(lightly dressed, short, brittle shaving, good discharge of
heat); 32. A30, A4OG; 33. Standard components operating
under high loads (bolts, nuts, screws, axles, guide screws
of metal cutting machines); 34. Without processing, aging
and casehardening or cyanidation, hardening and low-
temperature tempering 3 ; 35. Ditto; 36. 55PP, NIPRA;
37. Components working with abrasion and subject to
significant loads (spindles, flat components, drive gears, cross
pieces cf the differential); 38. Complete hardening;
39. Very difficult; 40. Satisfactory.

* Steel of ordinary quality Group B are used usually for
these and other purposes, and steels of corresponding trademark
of Group A.

I. Materialc for welding and surfacing given in Chapter
V of this handbook.

2. For the unit of machinability, the machinability of steel
45 was used.

3. For age hardening, components of steel A400 are
usually subjected to a process of heating up to 160-1800 C,
holding time 10 hours. For non-critical components of machines
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Key for Table 22, con't.

the following procedure is used after preliminary processing---

heating to 550 0 C, holding time--- 7-8 hours; after final

processing--- heating to 150-170 0 C, holding time, 36 hours.

4. In view of the reduced hardenability of the steel, even when

there is total hardening or continuous heating by a current of

high... kLAST LINE OF THIS FOOTNOTE MISSING FROM THE ORIGINAL

TExT)

TABLE 23. CHEMICAL COMPOSITION AND MECHANICAL

PROPERTIES OF LOW-CARBON HIGH-QUALITY STEELS (GOST 1050-60)

T 1 2 X)1.I.4CCxIIA dOCran. %* 3mexai;Hqemi~c C80AiCTn13"

AMa p. Ci -

CT4 I1 Cr. Cie JIBI
S I SII In 6oic-/M : M i c 6. 0. c ebJB

7 8
05Kn He 6oqee He 6oaie lie 6o0iee 0,10 - --

0,06 0.03 0,04
08KII 0, 05-0,11 To me 0.25-0,40 0,10 30 18 35 131
08 0,05-0.12 0,17-0.37 0,35-0,65 0,10 33 20 33 131

IOxn 0,07-0,14 He 6onee 0,25-0.50 0.15 32 19 33 137

0,07
10 0,07-0,14 0 17-0,37 0,35-0.t U 1,15 34 21 31 137

15K"n 0,12-0,19 lie 6o.nee 0,25--0.50 0.25 36 21 29 1110
0,07

S15 0,12--0,19 0,17--0,37 0.35--0.65 0,25 2,3 41c Il

20Kii 0,17-0,24 lie 6o.oee 0.25-0,50 0,25 39 2J 21 156
0,7

20 0,17-0,24 A, 17-0,37 0,35-0,65 0,25 42 25 25 156
25 0,22-0,30 0,17-0,37 0.50-0,89 0,25 46 28 23 170

15F 9 0.12-0,19 0,17-0,37 0,70-1,00 0,25 42 25 26 140

2oF 0,17-0.24 0,17-0,37 0:70-1,00 0,25 46 28 24 156
25r 0,22-0,30 0:17-0,37 0.70-1.00 0,25 50 3X 22 170

Key: 1. Brand of steel; 2. Chemical composition, %*;

3. Mechanical pr perties**; 4. Cr, not more than;

5. kg (force)/mm ; 6. Hardness VE, not more than;

7. kp; 8. Not more than; 9. G

K, * Contents of phosphorus for steels 05kp, 08 and 10, nct

more than 0.0357., for the remaining steels--- not more than

0.0407., contents for sulfur for all steels--- not more than

0.0407., nickel--- not more than 0.25%.
•* Hardness given for hot-rolled steels, the remaining

mechanical properties--- for normalized ste2l, steel 25

and 25G have impact strength 9kg (force)/cm in a thermally

processed state (samples subjected to hardening and high-

temperature tempering).
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TABLE 24. CHEMICAL COMPOSITION AND MECHANICAl,

PROPERTIES OF AVERAGE CARBON HIGH-QUALITY
STEEL (GOST 1050-60)

1 r -14CKI COCT313, ~a MVX-1111i4-00Cii CI,0ACTL3"M.'ap~a -,;u.po

cTa •lH C 1 1 •3 . ., ,h PAO - 6
lie %211NC ' #c

30 0,25-0,35 0,50-0,80 50 30 21 8 179
35 0,32-0,40 0,50-0,80 54 32 20 7 187
40 0,37-0.45 •_ ,•0• ,•o 58 34 19 6 217
45 0,42-0,50 0,50-0,80 61 36 16 5 241

1 2 XIHMnqCCKHn COCTai, %., 3 A1CXa111',CCx,,e CbofcioTa-

cTanl CMn A111 0 1). t roOT. 1. % all, C F,5 fi

50 0,47-0,55 0,50-0,80 61 38 14 4 24.1
30r 0,27-0,35 0,70--1,00 55 32 20 8 217
3.5r 0,32-u,40 0,70-1,(X) 57 34 18 7 229
40[' 0,37-0,45 0,70- 1,00) 60 36 17 6 29
45[r 0,42-0,30 0,70-1,CO 63 38 15 5 241
sor7 0,48-0,56 0,70-1.00 66 40 13 4 255

Key: 1. Brand of steel; 2. Chemical ccmpositlon, %*;

3. Mechanical pro erties**; 4. kg (force)/mm2 ;
5. kg (force)m/cm ; 6. Hardness HG, not less than; 7. G.

* Contents of silicon for all steels--- 0.17-0.37%;

phosphorus and sulfur--- up to 0.04%; chromium and nickel---

up to 0.25%.
** Hardness given for hot-rolled steel, impact strength

for thermal processing of steel (hardening and high-

temperature tempering); other mechanical properties---

for normalized steel.
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TABLE 25. CHEMICAL COMPOSITION AND MECHANICAL
PROPERTIES OF HIGH-QUALITY CARBON STEELS WITH

HIGH CONTENT OF CARBON (GOST 1050-60)

1 2 XHMH °eCK11A COCT83 A i' 3 CU0PTLo __

0 T Tbeppocg,,
CT C Mn 4 , ' II II ueurc

55 0,52-0,60 0,50-0,80 66 39 13 255

60 0,57-0,65 0.50-0,80 69 41 12 255

65 0,02-0,70 0,50-0,80 71 42 10 255

70 0,67-0.75 0,50-0,80 73 43 19 269

75 0,72-0.80 0,50-0,80 110 93 7 285

80 0,77--0. (,50--0,bO 110 95 6 285

R5 0,82-0,90 0,50-0,80 115 100 6 302

601" 6 0,57-0.65 0,70-1,00 71 42 11 269

65r 0,62-0.71 0,90--1,20 75 44 9 285

701r 0,67-0,75 0,90-1,20 e0 46 8 285

Key: 1. Brand of steel; 2. Chemical composition, %*;
3. Mechanical properties**; 4. kg (force)/mm2;
5. Hardness HB, not less than; 6. G.

* Contents of silicon for all steels--- 0.17-0.377.,

phosphorus and sulfur--- up to 0.047.; chromium and nickel---
up to 0.25%.

** Hardness given for hot-rolled steel; other mechanical
properties--- for normalized steel. Steel 55 has an
impact strength of 4 kg (fcJrce)/cm2 in a thermally
processed state (hardent;Lg and high-temperature

tempering).
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TABLE 26. TECHNOLOGICAL PROPERTIES OF CARBON HIGH
QUALITY STEEL
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Table 26, con't.
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Key for Table 26: 1. Brand; 2. Thermal processing; 3. Billet;
4. Component; 5. Weldability; 6. Mechanical machinability
(the coefficient of machinability) when using machines; 7. From
steel R18; 8. From alloy T5KlO; 9. Recommended interval of
forging temperature, OC; 10. At the beginning; 11. At the
end; 12. 05kp, 08kp, lOkp; 13. Usually not subjected;
14. Usuaily not subjected; 15. Good by all methods; 16. 08,
10; 17. Ditto; 18. Without processing or casehardening
(cyanidation) with hardening and low-temperature tempering;
19. Good by all methods, except components which are subjected
to chemical-thermal processing. 20. 15kP, ZCkp; Ii. Without
processing or normalizing; ')' Without p kurten) or
casehardening (cyanidation), hardening and low-temperature
tempering; 23. Ditto; 24. 15, 20, 25; 25. Ditto;
26. Without processing or casehardening (cyanidation),
hardening and low temperature tempering (often); 27. 15G,
20G, 25G; 28. Without processing, normalization or improvement;
29. Ditto; 30. 30 and 35; 31. Without processing, either
normalization or hardening and high-temperature tempering
(temper hardening); 32; Without processing, either hardening
and low-temperature tempering up to HRC 30-40, or casehardening,
hardening and tempering; 33. Completely satisfactory; 34. 40
and 45; 35. Normalization or temper hardening; 36. Without
processing, either hardening and low-temperature tempering up
to FRC 40-50, or hardening with induction tempering up to
HRC 53-60; 37. Limited, recommended preheating and subsequent
thermal procc •sing (high-temperature tempering, normalization,
tempering hardening); 38. 50 and 55; 39. N.rmalization with
tempering or temper hardening; 40. Hardening and low-temperature
tempering or induction tempering up to HRC 57-62; 41. Difficult,
required preheating and later thermal processing; 42. 30G, 35G,
40G, 45G, 50G; 43. Normalization or temper hardening;
44. Without processing or hardening with low-temperature
tempering or induction tempering up to HRC 53-62; 42. Limited
and difficult, necessary preheating and subsequent thermal
processing; 46. 60, 65, 70, 75, 80, 85, 60G, 65G, 75G;
47. Normalization and tempering; 48. Hardening and tempering,
hardening with induction tempering HRC 60-64; 49. By hand very
difficult, limited to contact method.

i . Large and average-size components subject to gas
carburization or gas cyanidation (nitrogcn casehardening),
small components--- cvanidation in baths.

2. Materials for welding and surfacing of clarbon steels
are given in Chapter V of this handbook.

3. For the unit of machinability, machinability of steel
45 is used.
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TABLE 27. CHEMICAL C0O4POSITION AND MECHANICAL
PROPERTIES OF CARBON STEEL FOR CASTING (GOST 977-65 AND 974-65)

1 *2 HMH4eICK11A COCTaB. % 3 %Vkex811t&I11CK"eCB1 CTI

:MZK 4 0,re-
AinI 1.6x8, 

I i t ec

-~~~~~~~ - .1-.2 I.ii ____

64 /-R t! mei oe?
15J] 0,12- 0,35-0,75 40 20 24 5,0 109-131

20.A1 0,17-0,25 u,35-0,75 42 22 22 5.0 116-!1,

25j] 0,22-0.30 0,35-0,75 45 24 19 4,0 12.1-i5

301I 0,27-0,35 0,35-0,75 48 26 17 3,5 131-I1

3531 0,32-0,40 0,50-0,90 50 28 15 3,5 137-I;(

40A1 0,37-0,45 0,50-0,90 53 30 14 3,0 146--I'

45A11 0,42-0,50 0,50-0,90 55 32 12 3,0 153--17

50A1 0,47-0,55 0,50-0,90 58 34 i1 2,5 159-- I;

55A 0,52-0,60 0,50-0,90 60 35 10 ;,L 7,,- 10Io

7 70." 0,65-0,75 0,50-0,90 - - - - 280-3il

Key: I. Brand of steel; 2. Chemical composition, 7*;
3. Mechanical properties; 4. kg (force)/mm2 ;

5. kg (force)/cml; 6. Hardness HB not less than**;
7. L.

* Non-government-standard steel (technical

specifications of factories). Contents of sulfur
and phosphorus depend on the method of smelting; contents
Cr and Ni--- up to 0.30%; contents Si--- 0.20-0.42%.

** Data for normalized steel, (with predominate
thickness of casting walls up to 100 mm).

TABLE 26. BRANDS OF THE CARBON STEELS MOST WIDELY USED
IN AUTOMOBILE CONSTRUCTION AND IN THE AUTOMOTIVE P"PAIR

INDUSTRY, AND THE BASIC STANDARD COMPONENTS MADE FROM THEM

m ti :(A1 HvOTW~iasJHlemuer ,"eian t t i IOpmann

3 4
CT.2, MCT.2Kil I1AdCTItIbAl KperuO elTIC 1 iJJý1Ul1TJ1Rf, 0TyA^1.1 XPI , Pi

(rOCa 3I)--0) peccop 6
CT.3, CT.31tl, %ihciw it Obo0 bli KO.1CC, KOlblil DMocanO-11liX ILHL'A( t

, Cr. 3K,1 irOCI 380- Koriec rpý.loniiwx aiTUO.'40M,; "., nepCreJLIe Cy'lt•lld
(co) 7 8

CT. 4 (rO(.T 380- XOMYT, I j•lICO), ii",Xi i I l.O1 AH0^iO li 2y300Ob, C1%inwlibL

tO) 9 ^OKylu 60pO'. 0 y'poa

CTXab 63fl11 (TY 1k4' -M354 i linitnaIpiI'I.chan weewrpim ui 3i~ero moc^..
77.77-64) ,I81,om6t'si 3J1il kIM

11 CCa.it HHIfPA (TY 12 Kp1)e(o!0 iii .4 A'1iLf>Cpel, ia;.a anTck1i%)'Viltn MA3

8-66)
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Table 28, con't.

A2

13 14
A 12. A20 (rocT ;':lflKt K~.mcchlc, ocn fleita~il ropmIoia, l1pOLm1it yriopu

1414-54) pyJ1CD'!X Tflil, npo6Kll Kapiepoo, zipokil Kap~lopalopol;,.
KoNillpeCtopa, CTUlIJOPl 11 CyXAPlJiiIOJAylluuB hopO6KIl

l'pj,',KopnyCu haJanmnois iopmonm~r Kpa1111l~la ilrlC.
pa 1)a'3Il1aC. 6OATIAl ;(pbl11hl~l TOflJIIfl30OTCTOrfll;lK;I, BaMllll(1
py'lloro l1;1llfo~ta Troflalliuoro liaccca, ocii cuRIOP01) CICK-
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15 16
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1050-60) 'I KJT~l'aToro0 uajl.i IIpoKxlAI I)C'YAI1l,ouo'lHIA4C B
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01MA3ij. OLII., 11 I I)OCR l.,ap('4(4I)1aT0jd, K<POllIll 1(1111

17 18
to (rOCT 1050--60) Tpy6iw rnymmelncll, ncw-i '4 aUL.I1Tll ll(.11CP~TOpa. VT

('UJIlllC~.,l~l laxl~imil, K~naapa lJbC "arf.ll, 3aJl(Jllmll C
l(1ly1'Jlor ii 11O1dlioll ronlouxoll. IIJypyIL c noaiyxpyrioof
roolJ~l 1, MUMMAiwr

19 20
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llllllb c it~iH.i~lpwieciChI, nnJoc11OII it Iloialnorl roJ~xiooi~,
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105060) la~O~ l~l~ 11111IM',t 11I)IlKl P ib Co.:, I~.I 10.ep1,11t IMMh ILAC y
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Table 28, con't.

*25 4026
Cwaýib 40 (rOCT BimKcH KflJ),ISH, flOhtBflU 14 OHJIK KOP06KH nepenA'W,

* 1050-60) pOCnIVPARenbu~emiie nami (M3MA, M-321). UISrrY U
(31'1.fl.164. M3MA), noniyocu (M3MA, rA3-53),

* .... - -msgoomB1IO (M3MA), 6yicupume xpioKo

')-7 28
is -(rmx. 'MLbQ.,-,6O) KoJI'cHwIjtii&M PHMMApc~eiAbIeiiue a0mM, 0cH Hi Kojo

MhICJI ia JuI1mou, eanbi macirnwx HHocoo, saarn 14 tIC
fltLm mC~eiltsts1i, pyJnembe Tnrifi, pasmitunwe KYJ8KHI4 CP
M0O38, xo4Citiviiv ahICfllbI KOMIupoccopoI, nopIUIwebl fl.-b
umI (rA3), awivx; nepe-mimmitiiii xopo6x14 ncpenAit, Gcitub

MI*XOSHK05, i£panfOOtKH, flITtmril 1OJIKBTOCAI~. IUUIIIJIb -I
KpOJWrIIHNIMfuYCKHoro V~ gUnfCKH0rO TpY60nPODoA(.lt,

OClI KOJIOAO( 'rOPNoSA. wuWIHN. pae'INwe it
KAMMit 14 :r. R.

29. 30
50, 85(rorT mo0- BSLLOmte AHCKHt cuLC1Jaeumnf, 6YKCIIPHb1C KPIOXII

60)
31 32

401', 45r, sor, 30r I~ai-yIIbI, IIICC7CPW4 KOJIqCH4'f8OWO 8ý4a, K0J1NIaMttfl
(rocT 105(t-60) "Caw 4it'iiia~it~il 1AM-204 Hi 5M3-230. tlPOAOatb~bI 6Mrto

PAM (CTSib SOT)

33 34
051. (FOO)T l05u- * frtOp1bIV (11.78HUb pS OAC1Ip 1eJIfC1blHMX aaiOA,8 nPYWtII 'I

60) cuenjieaalan PCJAYKIIHOHltblC Kitfamhi, KJA~naIIbI KOMIIPC.-
COPOS. 386MO'tI1btC KOJIhU& !IOAWMNHHKOB, CIJICTHMhI peryrn.
poBo't1bix raCtK MCUICfl1tCIIIIIItYX(ttHh1 PYJIOHbX Tar, Amji-
MLAG AIlCKIU cen~nle min RlM3, upyXwith@m Wmifb. cTontol.
1114 KOJtbIla. CK~CflKH H IV. A~.

35 36
3031, 35n1, 4031, 4531 Awomoew'im,moe H TPflKTOPOtbI CTytlHU~bI KxO.Itc MaXC

(floct 977-f.(5) oniiK 6J4JhJhtvtpb, 'oihJWm coienIiHTOtt, PUIIarH, 8i4JIKI.

OIIOPHble KRTKIt, Mpafptimuotmlel KOJietCS, 6aAX14 S&ANH
MOCOD0. KOOOMWCJAO KihtofaHOD

CTaAtion yr~nopo~ll- CWMN MY'bU' flPY)(HIIM .flpCJOXPMHIITCJ~bHhIX KJIl
C'7Af fpywKimttafl npo. namn~f, nPý)KHIIM ktNCiWH0K., CiotonpIatw KOJtbUS, nPY2ICH14
BOJIoKS I It 11 KAtICCOS Rt~a4JPlrMU N A1BYflIC~itO Pibiqara TQOUJHDHOrJ tiACOCa
(rocT 9389-fio) *HAbTPyIomHNX ommenehTon npy)KHmu nrurt *btkmfliteII

CUeOIIOIuH, ioncaTopoo nopam~tovemHn nepeAaitv i p.
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Key for Table 28: 1. Brand of steel; 2. Standard components
made from them; 3. St.2, MSt.2kp (GOST 380-60); 4. Plates
attaching the muffler, spring clip bushings; 5. St.3, St.3kp,
MSt.3kp (GOST 380-60); 6. Body and rims of wheels, washers of
landing plates of truck wheels, front of bumper; 7. St.4
(GOST 380-60); 8. Spring clips, hinges and running boards
of body, bands of body sides; 9. Steel 55PP (TU 77-77-64);
10. Driven cylindrical gear of rear axle of automobile
ZIL-130; 11. Steel NIPRA (TU 8-66); 12. Cross members of
differential of automobile MAZ; 13. A12, A20 (GOST 1414-54);
14. Wheel nuts, axles of brake pedal, plugs and stops of
steering rods, crankcase plugs, carburetor plugs, compressor
plugs, stops and blocks of transmission crosshead, cases ol
crane brake valve lever; various connecting pipes, bolts of
the pump cover, spindles of the mechanically operated fuel
pump, spindles of sectors of jacks, crankshaft gears M2MA;
15. 08, 08kp (GOST 1050-60); 16. Wheel rims of lightweight
automobiles, oil seals of crankshaft, gaskets of adjusting
'drive pinion of rear axles, brackets of oil radiator, surface
engine support block, sprays, clamping lines of the carburetor,
fender brackets, covers of valve mechanisms, housings of door
locks, brackets for attaching seats, lock washers (disc, collar,
plate of lock), flat, ball-shaped and others; 17. 10 (COST
1050-60); 18. Muffler pipes, generator cover band, brackets
attaching radiators, connecting pins, square nuts, rivets with
round and countersunk heads, wood *screws with semicircular heads,
cotter pins; 19. 15, 15kp (GOST 1050-60); 20. Wheel
bodies of light automobile (steel 15kp), clutch pressure plate
lever pin, axles of brake valve levers, bolts with semicircular
heads, screws with cylindrical, flat and counter-sunk heads,
wood screws etc, valve tappets of automobile GAZ-53; 21. 20 (GOST
1050-60); 22. Steering shafts, transmission shifting rork,
steering shaft bushings, Cardan shafts, crossmembers of frame,
front bumper, engine support brackets, muffler pipe flanges,
levers for shifting gears, worms and gears for driving speed-
ometer, eye bolts, platform fasteners, brackets for fastening
hood and generator, washers of valve springs; 23. 35. 30, 25,
25kp (COST 1050-60); 24. Crankshaft gears, oil pump gears,
flanges--- bushings of Cardan shaft, cotter pins of wheel
hubs, steering shaft, front tow hooks, bushings of rods of brake
chamber and transmission shifting fork, bearing nuts of
transmission drive shaft, hexahedral varied bolts, push rods,
lungitudinal members of frame (steel 25); 25. Steel 40
(GOST 1050-60); 26. Cardan bushings, transmission members
and forks, distribvtor shafts (MZMA, GAZ-21) pitman arms
(ZIL-164, MZMA), differential axles (MZMA, GAZ-53, flywheel
rims (MZI4A) tow hooks; 27. 45 (GOST 1050-60); 28. Crank-
shaft and distributor shafts, spindles and rocker arums of
valves, oil pump.shafts, clutch shafts and pedals, steering
gear levers, brake expansion cam, compressor crankshafts,
piston bearthgs (GAZ), flywheel rims, transmission shifting
forks, ratchet wheel, push rods, cotter pins attaching intake
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Key for Table 28, con't.

and exhaust supply lines, brake shoe spindles, keys, wrenches
and monkey wrenches and so forth; 29. 50, 85 (COST 1050-60);
30. Clutch driven plates, tow hooks; 31. 40G, 45G, 50G,
30G (GOST 1050-60); 32. Pitman arms, crankshaft gears, crankshafts
of engines YAAZ-204 and YAMZ-236, lengthwise members of frame
(steel 30T); 33. 65G (GOST 1050-60); 34. Bearing flanges
of camshafts, clutch springs, reduction valves, compressor
valves, lock rings of bearings, clutch plate adjusting nuts,
springs of control levers, clutch driven plates YAMZ, spring
washers, check rings, fasteners and so forth; 35. 30L, 35L,
40L, 45L (GOST 977-65); 36. Automotive and tractor wheel hubs,
flywheels, balance wheels, planetary housing, levers' forks,
bearing rollers, steering wheels, bars of rear axles, valve
rocker arms; 37. Steel carbon spring wire, Class I and II
(GOST 9389-60); 38. Fasteners, rings, springs of safety valves,
springs of lubricating valves, check rings, diaphragm springs
of two-arm lever of fuel pump filters, double-arm lever, spring
levers of clutch release and transmission shifting fork catches.

§ 2. Steel Alloys

A number of brands of low-carbon and average-carbon alloy steels
specified in GOST 4543-61 are widely used for making automotive components.
Besides this alloy steels not included at the present time in GOST, which
are produced under the technical conditions of separate industries of
ministries are used. Table 29 shous the classification of structural alloy
steels with data on the most characteristic examples of automotive components
made from each group of steel. In Table 30, 31 and 32 the chemical
composition is shown; in Tables 33 ,nd 34, the basic mechanical properties;
and in Table 35, the technological properties of the steels mentioned.
Alloy.steels, as a rule, are subjected to thermal and in many cases
chemical-thermal processing. In Table 36, 37 and 38 materials are presented
which are used during casehardening, cyanidation, hardening and sub-
tempering heating of structural alloy (and carbon) steels. Dur.,,b
production of automotive components sometimes conditions permit replacing
one brand of alloy steel with another (Table 39).

The content of titanium in steel I8KHG, 30KHGT and 45RP is 0.06-0.12%;
steel 25KHGT, 0.06-0.15%; steel 40KHCTR, 0.06-0.20%. All steels, besides
l5KH, 0KH, 25KHGT, 25K}IGM, 40R, contain up to 0.20% copper; steel 45RP---
up to 0.30%. The contents of silicon in steel 45RP--- up to 0.17%, in the
remaining steels--- 0.17-0.37%.

-59-



TABLE 29. THE MOST WIDELY USED STRUCTURAL ALLOY STEELS
USED IN AUTOMOBILE MANUFACTURING AND THE AUTOMOTIVE
REPAIR INDUSTRY (ACCORDING TO COST 5453-61 AND THE

TECHNOLOGICAL SPECIFICATIONS OF THE FACTORIES AND MINISTRIES)

r~riiia CT8AOPet blapi crfaii hlrrutuumhgma&1u4U A.114~u otipaaiongs

5 Ab~noyriiepoiat- 6 15X; 20X 7 flupfiuleaw~e na.qtvlliw, 8 LItc~eIlrazusR. 38.
CTue X11ON111C IAie ToIA~i-eJIH, w~ lie-romiiiii Kil;I. migoui,

9CPciu~eyrJncpo- (030X; 35X; 1. I11TuY111u. 'II:ITyIIIIISW 12) yliy'liuiena'e
AIICmie XPOMHCTb1C 40k. 28XA OUAJTIA (:8.\A), 60.11TI %1,1 Y)Llailpua

X011I1KIl, IWAN 1h II tiiCTiep* 3aal~Kail. fl1f3KO-

itA3 I AA 3A3IMA tO) l0a~plA OTYC
Jiyacii.3) no., nycxb~iI

l~Aapr~iueooe 40['2: ItIJiyaiw. 115vl ,uI1uitt~cisu )iIo'a3j4
iconw Ka pnaauc uayne, 2 ~yac

clue XporpMti priI. 3u4o[*2 25X1M¶ 5OK~ tfpeflRI. 1 aitterep.6 1)wo H0~.111 ua:fttt

c~we pomo,)prn. ixr'l, 2FI reo u06IIu l KpecholflhIehI K 14aus Iitmiot elialie

AIIt(tdIPClll11wu~a, KyjiaKii paTypl~bdif on ycx
tuAPtirpa flePPAlIero flc.
Ayweru mocTfl
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Table 29, cori't.

21 22 23 24
Cpe~tieyraepo- 40Xr'TP* WaTyHw, no~AyOcu, Be- 1) Y-qyqwe1a11e

flNCTbe xpostomap. (4oxrp):. 40P*; Aobabl wec'oPuIIH SAanero 2) Yiiytitiu'ste, is-
ranttetme, dopm- 45Pfl; 40XPi mom ~ K8JIIm T.9.q.
cmae 35XPA

25 26 27 28
XPOMoKpemum~cmre 33XCI 3J3XC; loanyocH 1) Ymnytomea-e

XPOMOxpemhiimAP. 4OXCj MU~CA; 2) Yiay~wemie. 31.
rarneawe 3oxrc; .38XrC*; KaJIMS T.D.'4.

30X1'CA
29 30 31 32

Xpo~momo~aate. 3OXMAj 35XMA; fnaacTnwu TopcHoHa 1) IUeMeliralwl1.
homble, xpomosalla- IMP0; 40X4)A, (50X0A), iipymirn Iau ~- 31)(a1KaAI, 0Tn)Cf

~Alern~e 50X4MA nalit (50X1PA). iuec~epmiw 2) Yqyqweatu.
ajrnaof nepejzaaa

33 34 35 36Ma~loyr~AePOAH- I2XF13A. flop w~ea~e narnbluu 1) Ltemenl~awlh,
ciue XPOMOIiHKe- 12X2H4Ai (%RM3), wecTOPaili rMa.. xxies-nom -!-AKo.
itesbie 2OXH3A; aiOR nePeAaqti, Ban pynie. icunepatypn.zi IT.

20X2H4A-. BOAl cowKu MA3. POANIK rIYCK
2OXHP BOASa COWKNI

37 38 39 40
CpeAlaeYraiepo. 4OXH WATY1HHbac CoATbi. 6OoA- 1) Yjayq~Ucrn~e

~ACmbie -XPOMOH4- TMa MaXOsiXa, waJTybib, 2) Yiy'pmaemie
uce~bieee wjaposbie naji6:xu nepent- SMSAKSan r.n.1q.

HeR noAsecKII
41 42 43 44
Xpowomapranat l5XrH-TA: Baanm It MeCrepaaaa mo- 1) UAemeimruma.

NUMeTT81011le 2OXrFHTP; p060K nejVga'a MA3. nto- 3AK8JIKD. OTfl9CK4oxri]TA JIYOCtI, P43(IMHMINO Ky- 2) Y~ay~tuctieaI
MIaCH., POTOPLI rHAPOflpm-. 3) Yjiyquwc~aie. m~.
BOAS K3J1Ka T.U.'a.

(4oxr1'TA)
45 46 47. 48

XpoMoIaHxejjemo. 2OXHMO; PacnpeACJIIITC,,bIIhl Ua. 1) LlemeirraUxu,
xmftjetios~e Nuo~b- 4OX11MA;, -mm, SCIium maaXOB1XOu SaJI~b, I$H3XQ
4ppamosme), HHxe- 18XHBAO; 5RM3 015HM). weCreprn. TCmflepaTypaHUR 1,T
diemOMOMHIO~eObIt 15HM; 20H-M riaahhoft nePCAa'4H. noJ. t1vcK

uieciepsiti no.nyoceA, octa 3) Y~Ay qwoeame, a&.
CaITeJiwraTB RepsBc pyA. KMIK T.3.4.
DOMo MeXaai1I3M (40XH-MA)

49 50 51 52
Xp ouOAoarno 11aae- S8XMOA; rkayaaepbl *TonamIIDoR AsompomNigS,

fswe 38XBOJ0A annaparypu, iirjmiii op. *SKAKnc, DblCOKUA
3~XJO CYNOK, FIufbmh ummmNApos oTuycK



Key for Table 29: 1. Group of steels; 2. Brand of steel;
3. Components made; 4. Thermal processing; S. Low-carbon
chromium; 6. 15KH, 20KH; 7. Piston pins, push rods,
Cardan cross pieces, differential cross pieces, pistons;
8. Casehardening, hardening, low-temperature tempering;
9. Average-carbon chromium; 10. 30KH; 35KH; 40KH;
38KHA; 11. Connecting rods, connecting rod bolts
(38KHA), flywheel bolts, transmission shafts and gears
(GAZ, MZMA, ZAZ), differential axles, differential axle
tubes, Cardan forks, pitman arms, steering lever.,
steering worm mecFanism, pitman arm shafts and others;
12. 1) Temper hardening, 2) Casehardening, hardening,
low-temperature tempering; 13. Manganese; 14. 40G2;
45G2; 50G2; 15. Connecting rods, slotted ends of Cardan
shaft, transmission shifting forks; 16. 1) Normalization,
2) Temper hardening; 17. Low-carbon chromium-manganese;
18. 18KHGT; 25KPGT*; 30KIiGT; 25kMGM*; 20KHGR; 19. Gears
and shafts of transmissions, main transmission gears,
differential axle gears, planetary pinions, differential
cross members, knuckles of front drive axle; 20. Gas
carburizacion or cyanidation (nitrogen casehardening),
hardening and low-temperature tempering; 21. Average-carbon
chromium-manganese, boron; 22. 40KHGTR* (40KHGR), 40R*, 45RP*,
40KHR, 35KHRA; 23. Connecting rods, differential axles,
drive gears of rear axle; 24. 1) Temper hardening, 2)
Tempering hardening, induction tempering; 25. Chromium-
silicon, chromium-silicon-manganese; 26. 33KHS, 28KHS,
40KHS, 35KHGSA, 30KHGS, 38KHGSA*, 30K1UG1A; 27. Differential
axles; 28. 1) Temper hardening, 2) Tem~per hardening, induction
tempering; 29. Chromium-molybdenum, chromium-vanadium;
30. 30KBNA, 35KHMA, 15KHF, 40KHFA, 50KHIF4*; 31. Torsion;
32. 1) Casehardening, hardening, low-temperature tempering;
33. Low-carbon, chrome-nickel plated; 34. 12KHN3A;
12KH2N4A; 20KHN3A; 20K112N4A; 20KHNR; 35. Piston pins (YAMZ),
main transmission gears, pitman arm shaft of the MAZ, connecting
rod roller shaft; 36. Casehardening, low-temperature
tempering; 37. Average-carbon chromium-nickel; 38. 40KHN;
39. Connecting rod bolts, flywheel bolts, connecting rods,
front suspension knuckles; 40. 1) Temper hardening, 2)
Temper hardening, induction tempering; 41. Chromium-manganese-
nickel-titanium; 42. 15KHGNTA, 20KHGNTf,, 40KHGNTA;
43. Shafts and gears of transmission housing of the MAZ,
differential axles, knuckles, hydraulic drive rotors;
44. 1) Casehardening, hardening, tempering; 2) Temper
hardening, 3) Temper hardening, induction tempering
(40KHGINTA); 45. Chromium-nickel-molybdenum (tungsten)
nickel-molybdenum; 46. 2('KNI'*I, 40K1IUMA, 18KHNVA"A,
15NM, 20NM; 47. Camshafts, flywheel rims YAMZ (15NM),
main transmission gears, differential axle, ZAZ (40K1GNMA),
differential axle gears, planetary pinion axles, worm of
steering mechanism; 48. 1) Casehardening hardening, low-
temperature tempering, 2) Temper hardening, 3) Temper
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Key for Table 29, con't: hardening, induction tempering
(40KHNMA); 49. Chromium-aluminum; 50. 38KHVFYUA
38KHYU; 51. Fuel equipment plungers, force pump needles,
cylinder liners; 52. Nitriding, hardening, high-
temperature tempering.

* According to technical specifications of factories and
ministries.
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TABLE 30. CHEMICAL COMPOSITION OF CHROMIUM-MANGANESE,
CHROMIUM-MANGANESE, CHROMIUM-MANGANESE-MOLYBDENUM AND

BORON STEELS

I 2 XI,11.4e..•K i C(•CTan. Y,,

M:PKa CTJC, 3o 31 .

,4
15X 4 0,12-0, 18 0,40-0,70 0,70- 1.(X0 U.25 o,o)45 0,03v5
20X 0,17-0,23 0,50-0,80 0,70--1,0X 0,25 0,035 0,035
30X 0,25-0,33 0,50-0,80 0,80-1,10 0,25 0,035 O,O'5
35X 0,31-0,39 0,50--0,(0 0.8O-(,l0 0,25 (0035 0,035
38XA 5 0,35-0,42 0,5(1-0,80 0,80--,110 0,25 0,025 0,025
40X 0,36-0,44 0,50-0,F0 0,80- 1, 10 0,25 0,0n5 0,0)v3
40r2 6 0,36-0,44 1,40-1,80 <0,25 0,25 1.'035 0,035
45r2 1,41-0,49 1,40-1,80 <(, 25 0.25 0,0.5 (),(3o
50r2 0,46-0,55 1,40-1,80 40,25 0,25 0,0kb 0,(,35
18XFT 7 0, 17-0,23 0,80-1,*I0 I-, i-11,30 0,25 0,035 O (I
25XrT 0 ( 9-11 ' 00 9 . , .; , 0,1') 0,040 0,(.,040
JUX, 1 1 0,24-0,32 0,80)-I,0l( 1.0o--1.10 0,25 0,06 0.035
25XUM 8 0,23-0,29 0,90-1,20 0,.Yd-1, 1-n 0,40 0°0i5 0,035
2oXIP 0,18-0,24 0,7o- i,00 0,80--1,10 0.25 0,0() i1,)35
?5XPA ?0 0,33-0,4(' 0,50-0,8,; 0,,l0--1, l1 0,25 0,025 0,025
40XrTP 11 0,38-0,45 (),8()--1,(X, (),80-1,10 0,:) O,W35 0,035
40XP 12 0,37-0,45 0.50-0,80 0,80-1.10 0("/5 0.0135 0,035
40P 13 01,37-0,.,5 0,50-0,80 <0,30 <0,30 0,045 0,040
45Pl1 (471')l 0,4-1-0,51 1.00- 1,20 '..0,25 <0,25 0,04" 0, CA

14

Key: 1. Brand of steel; 2. Chemical composition, %;
3. Not more than; 4. KH; 5. KHA; 6. G; 7. KHGT;
8. KHGM; 9. KHGR; 10. KHRA; 11. KHGTR; 12. KHR;
13. R; 14. RP.

* Steels 20KHGP, 35KHRA, 40KHGPR, 40K(HR and 40R

contain 0.002-0.005% boron; steel 25KHGM contains
0.20-0.307. molybdenum.
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TABLE 31. CHEMICAL COMPOSITION OF CHROMIUM-SILCON,
CHROMIUM-SILICON-MANGANESE, CHROMIUM-MOLYBDENUM, AND

CHROMIUM-VANADIUM STEELS

MaK _ _ _ _ 2 - XII•H..A ,,•i .... ,, ..

, hiw Cu. lie ',. II,,
__ _ _ _ _- _ ____j b . In : . C ' ..

33XC l 0,29- 1.0--13 0.3-0.6 1,3-1,) 0,25 0,20 0,0.2.5 0,0.5
0,37

38XC 0,31- 1.0--13 0,3-06 1.3--1,6 0,25 0,20 0,035 o,035
0,42

40XC 0,37- 1.2-1,6 0.3-0,6 1,3-1,6 0,25 0.20 0,033 0.0-c
0,45

3oXrC 5 0,28- 0,90- 0,80- 0,80- 0.25 0,20 , 0.035
0,35 1,20 1,10 1, lo

AlapKa ¢'taS N1 Ile CU, Ie S. lie 11, e
.. apfi~lA _ __ _ Si Cr K is tOIC OACf~n

435XI'CA 0,32- 1,10,- 0,80- 1,10- 0,25 0.20 0,025 0, N!
0,39 1,40 1.1I0 1,10

538XrC 0,35-- 0,80-- ,0- 1,10- 0,40 0,20 0,030 0.0;0,42 1,1I0 I ,,1k, 1,40I
6 30XMiA 0,.26-- 0,17-- 0..40-- 0,80-- 0.2[ 0.20 0,025[ 0., o,5

0,3m 0,37 O0,70 1,20

35XMA 7 0.32-. 0017- 0,40- 0,8- 0,25 0,20 0,035 0.075
0.40 0, 37 o, 7t) 1,207 15XI C1. 12-- 0,17-- O.,4O-- 6,.80-- V,.25 0,20 0,035[ 0.01' i
0, 18 0,37 0, 70 1.0)

40X(P 0.37-- 0,17-- 0,.(-,- 0,80-- 0,25 0,2o 0.025[ 0,()1'
0.44 0,37 0.O I, Ilo

50Xb 0.40- 0,17-- 0,0- 0.80- 0.25 0,20 0,035 .U3•
0,54 0,37 0.80 1.1I

Key: 1. Brand of steels; 2. Chemical compositiou, %*;
3. Not more than; 4. K0S; 5. KHGS; 6. KHMA;
7. KHF.

* Steels 30KHMA and 35KHMA contain 0.15-0.257%
molybdenum; steels 15KHF, 40KHF, 50KHF contain
O.10-0.20% vanadium.
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TABLE 32. THE CHEMICAL COMPOSITION OF CHROMIUM-NICKEL,
CHROMIUM-MANGANESE-NICKEL, CHROMIUM-NICKEL-MOLYBDENUM,

CHROMIUM-NICKEL-TUNGSTEN, CHROMIUM-ALUMINUM AND

NICKEL-MOLYBDENUM STEELS

1 - 2 ,,t ' .ci,,,, ocia oT %o
INIZI,) ca .C T U." C Cr N1 3 s,, 3 [o',.e

4 12\113A 0,09-0, 16 0,30-0,60 0,00-0,90 2,75-3,15 0,025 u,025
5 12X21 IHA 0,rV--0, 16 0,3(0-0,60 1,25-1I,05 3,25-3,05 0,023 0,0259 ',0\1I3A 0,17-0,24 0,.--0,60 0.60-0,90 2,75-3,15 0,025 0,025

!,-V.1 HIA 0,10-0,22 0,3o-0, 00 1,25-1,05 3,23-3,65 0,025 0,025
F 2(,IIP 0,16-0,23 o.60-0l,90 0,70-I .10 U, S0- 1,10 (1,035 0,035
9 41XIl 0,3u-0,44 0,,A)-0,80 0,43-0,7- 75 1A,- 1,4:l 0.35 0,035
1(4 \l'111) 0,35-0,45 0, 80- 1,-10 0,Ml)- 1,10 0, 1A9- 0,01O 0 0,01 J
I ,\I'IITA 0, 13--0,18 0,7o-I .00 0,70- 1,0A 1, -I -1, 0 0,0'),) 0,025"]."N III [P 0,18-0,24 0,60-I, 10 0.,40-0,70 0.10-0,70 0,03.) ,0 il

13 N2N 1,' .i ,18--0,2.1 0.(,l--O,.X) 0.40--0 70 ') ," .,III 0,0,313 .wlXI LIA 0,37--,i, 11 0,ýO .. 0 LO -0,90 1 .25-I1, 65 (t,025 0,025
I , X I1I11A 0,11-0,21 0.' -- 0.53 1,33--1,65 1,00-4,50 0,030 O, :A)

16 I II) 0, 10- 0, l 0,h40-0,71i '.;0,,30 1.50-1,9j 0,033 0,035
17 2oii i' 0. 17--(i,2 i.hi-t-O, 70 -. 3,0 I .50-I ,90 T ,.1. 1' 0,i (3
1$ 3,'\X MIOA 0,35-0.42 0, :,-0,1Aj 1,35-1,65 -(0,25 0,025 0,025
19 3'A1) 0. 65-0, 1.1 0. 20 -- 0,50 1,,)--1,80 0..i,25 0,035 0.ri35
20 3,XiX0OA 0,3%-0. 4 1 0,20-0,-W I ,150-I1.60 .0,25 C,02') 0.023

Key: 1. Brand of steel; 2. Chemical composition;
3. Not more than; 4. 12KHN3A; 5. 12KH2N4A;
6. 20KHN3A; 7. 20KH2N4A; 8. 20KHNR; 9. 40KHN;
10. 40KHGNR; 11. 15KHGNTA; 12. 20KHGNTR;
13. 20KHNM; 14. 40KHNMA; 15. 18KHNVA; 16. 15NM;
17. 20NN; 18. 3OK•IMYUA; 19. 38KHYU; 20. 38KHVFYUA.

* Steels 20KHNR, 40KHGNR, 20KHGNTR contain
0.002-0.005% boron. The content of titanium: steel
15KHGNTA--- 0.06-0.12%; steel 20KHGNTR--- 0.03-0.06%.
Steel 18KHNVA contains 0.80-1.20% tungsten; steel
38KHVFYUA--- 0.20-0.40% tungsten, vanadium 0.10-0.20%.
Molybdenum content: steel 20KIINM, 15NM, 20NM---
0.20-0.30%; steels 40KHNMA and 38KHWYUA--- 0.15-0.2',.
Aluminum content, steel 38KHVFYUA--- 0.40+ 0.70%,
38KHYU--- 0.50-0.80%; 38KIHNUA--- 0.70-1.10%. !iicon
content in all steels 0.17-0.37%. All stee s. isides
40KHGNR, 20KHGNTR, 20KHNM, contain up to 0 25% copper
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TABLE 33. MECHANICAL PROPERTIES OF STRUCTURAL
ALLOY STEELS (GOST 4543-61)

3 4 TIA,,),ocTt

i~'0OT, nlf /lib laopm IIRa

blapKa cTAAx % 0. . aIiRC"
lr'IAW rlrAI' Kr'/cM'# cTa ,4 3aKancillofl

Go.e o'oce 6 a,1l

7 IX 70 50 12 7 179 56-62
8 20X 80 65 11 6 179 57--65

9 30X 90 70 12 7 187 -

10 35X 95 75 11 7 197 48- 13

Ii 38XA 95 80 12 9 207 45-50

12 4(X 103 80 I10 6 21 48-5213 2/ 39 12 - 217 -

451"2 70 41 II - 229 -

&)r2 75 43 11 - -

16 t,\ FT 100 85 9 8 217 56-62

17 zox 100 81) 9 8 197 58-62

18 301"T 150 130 9 6 , 229 58-64
33XC 9o 70 8 211 -

10 384xG 95 75 12 7 255-
21 1lOXC 125 110 12 5 255

22 3)xrc 110 85 10 4.5 229 -

23 3(,XrCA I11 45 10 5 229 4,--52
24 35X 'CA 165 130 9 4 2,11 38 -44

25 3o,\ MA 95 75 12 9 229 -

26 3WMXA 100 b5 12 8 241 -

27 15X(1) 75 55 13 8 '57 53--2
28 40\1A 90 75 10 9 2.11 48-.;2
29 I 1X3IJA 95 70 1 ' 9 217 5s- 61
30 1"XA)!4 , 95 1 9 20, 58:-6 I

31 2uX11.A 95 75 12 '0 241 58-(,l
32 20X2114A 130 110 9 4 '(a9 58-61
33 20\IIP 149 139 13 9 286 40-41
34 40XH 100 < 0 I1 7 2;7 1 --5.
35 15\1I ITA 95 75 II 10 229 68-64
36 41 IMA 110 95 12 8 !69 46-56
37 eskM 85 (,5 I1 6 197 56-63
38 3,,XlO 90 75 10 8 229 -
39 38XMIOA 100 85 14 9 229 -

40 38\B13IOA 100 85 12 9 22')1
41 40XP 100 80 12 9 22') --

,2 35XPA 95 80 12 9 - -
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Key for Table 33: 1. Brand of steel; 2. kg (force)/mm2 ;
3. kg (force)m/cm2 ; 4. Hardness; 5. HB of normalized
steel, not more than; 6. HRC* of tempered steel; 7. 15KH;
8. 20KH; 9. 30KH; 10. 35K1; 11. 38KHA; 12. AOKH;
13. 40G2; 14. 45G2; 15. 50G2; 16. 18KHGT; 17. 20KHGR;
18. 30KHGT; 19. 33KHS; 20. 38KHS; 21. 40KHS; 22. 30KHGS;
23. 30KHGSA; 24. 35KHGSA; 25. 30KHMA; 26. 35KHMA;
27. 15KHF; 28. 40KHFA; 29. 12KHNZA; 30. 12KH2N4A;
31. 20KHN3A; 32. 20KH2N4A; 33. 20KHNR; 34. 40KHN;
35. 15KHGNTA; 36. 40KHNMA; 37. 15NM; 38. 38KHYU;
39. 38KHWUA; 40. 38KHVFYUA; 41. 40KHR; 42. 35KHEA.

* Hardness HRC for all steels, besides 38KHA, 40KH, 35KHGSA,
40KHFA, 40KHN and 40KHNMA are shown after chemical-thermal
processing.
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TABLE 34. MECHANICAL PROPERTIES OF STRUCTURAL
ALLOY STEELS (NON-GOST)

i 2 3 4 T.epuioc_ .
(113, OT, (1 i H11 opma.

Alapka cT1im Ol m rll 6. % Alt f ll0 alO 1RC"
KClM' ,4FIMM A IFM'CA' J craII 3aKaAeU.o1li ,e (10'ee I 6=a

J,5 6I ""A"c

7 25XfT 150 f30 9 6 229 57-60

8 25xrhi 120 110 10 6 - C0-65

9 18XIiBA 115 85 12 10 269 58-65II

10 20XHM 85 65 11 - 197 58--65

11 38XFC 165 130 9 5 - 38--44

12 t0o IIp 110 90 10 8 - -

13 5oVxA 130 110 -0 - 255 -

14 40\FTP) 100 80 11 8 - 50-55
(,ioxrP)

. 15 40P 65 40 15 10 - 50--55

16 .;PI- -.. 56-62

17 (471"T)*"

18 2oXFIITP 120 100 10 11 - q CA

Key: 1. Brand of steel; 2. kg (force)/nw'2 ; 3. kg
(force)m/cm2 ; 4. Hardness; 5. HB of normalized steel,
not more than; 6. HRC* of hardened steel, 7. 25KHGT;
8. 25KHGM; 9. 18KHNVA; 10. 20KHNM; 11. 38KHGS;
12. 40KHGNR; 13. 50KHFA; 14. 40KHGTR (40KHGR);
15. 40R; 16. 45RP; 17. (47GT)**; 18. 20KHGNTR.

* Hardness HRC for steels 25KHGT, 25KHGM, 18KINVA,
20KHNM shown after chemical-thermal processing.

** Steel presented according to chemical composition.
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TABLE 35. TECHNOLOGICAL PROPERTIES OF ALLOY STEELS
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Table 35, can'It.
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Table 35, con't.
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Key for Table 35: 1. Groups and brands of steels; 2. Thermal
processing; 3. Hardening; 4. Components; 5. Weldability2 ;

6. Mechanical machinability3 (coefficient of machinability)
when using cutters; 7. From steel R18; 8. From alloy T5KI0;
9. Recommended interval of forging temperature; 10. At the
beginning; 11. At the end; 12. Low-carbon chromium: 15KH,
20KH; 13. Normalization; 14. Casehardening, hardening,
low-temperature tempering; 15. Good; 16. Average-carbon
chromium: 30KH, 35KH, 38KHA, 40KH; 17. 1) Normalization,
2) Temper hardening; 18. Without processing (before improving);
2) Cyanidation, hardening, low-temperature tempering; 3) In-
duction tempering; 19. 30KH-average; 20. (30KH) •remainder);
21. Manganese: 40G2, 45G2, 50G2; 22. 1) Normalization,
2) Temper hardening, normalization; 23. Very low; 24. Low-
carbon chromium-manganese: 18KHGT, 25KHGT, 30KHGT, 25KHGM,
20KHGR; 25. Casehardening, hardening, low-temperature tempering;
26. Average; 27. Average-carbon chromium-manganese and
boron: 40KHGTR, 40R, 45RP, 40KHR; 28. Temper hardening;
29. 1) Without processing, 2) induction tempering; 30. Low;
31. Chromium-silicon: 33KHS, 38KHS, 40KMS; 32. Temper
hardening; 33. Low; 34. Chromium-silicon-manganese,
30KHGS, 30KHGSA, 35KHGSA, 38KHGS; 35. 1) Normalization,
2) Temper hardening; 36. Hardening and low-temperature
tempering (after normalization); 37. Low; 38. Low-carbonp chromium-,ickel, 12KHN3A, 12KH2N4A, 20KHN3A, 20KH2N4A, 20KHNR;
39. Normalization; 40. Casehardening, hardening (single
thickness or double), low-temperature tempering; 41. Moderate
(after welding, annealing is recommended); 42. Average-carbon
chromium-nickel, 401K , 40KHGNR; 43. 1) Normalization,
2) Temper hardening; 44. 1) Hardening and low-temperature
tempering, 2) Induction tempering (in both cases normalized);
45. Low; 46. Chromium-manganese-nickel: 15KHGNTA, 20KHGNTR;
47. Normalization; 48. Casehardening, hardening, low-
temperature tempering; 49. Moderate; 50. Nickel-molybdenum:
15NM, 20NM; 51. Normalization; 52. Casehardening, hardening,
low-temperature tempering; 53. Good; 54. Low-carbon
chromium-nickel-molybdenum, 20KHNM; 55. Normalization;
56. Casehardening, hardening, low-temperature tempering;
57. Moderate; 58. Average-carbon chromium-nickel-molybdenum
40KHNMA; 59. Temper hardening; 60. Induction tempering;
61. Very low; 62. Chromium-nickel-tungsten, 18KHNVA, 63.
Normalization; 64. Casehardening or cyanidation, hardening
and low-temperature tempering; 65. Moderate (after weldingI annealing is recommended); 66. Chromium-aluminum: 38KHYU,
38KHMYUA, 38KHVFYUA; 67. Temper hardening; 68. Nitriding;
69. Low.

V I. Materials and proceduies used during thermal processing
V of alloy automobile steels are presented in Tables 36-38.
S..2. Materials for welding and surfacing are given in Chapter V

of this handbook,
3. For the pnit of machinability, the machinability of steel 45

is used.
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TABLE 36. COMPOSITION OF GASES AND BATHS USED
FOR CHEMICAL-THERMAL AND THERMAL PROCESSING OF

STEEL AUTOMOTIVE COMPONENTS
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Table 36, con't.
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Table 36, con't,
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Key for Table 36: 1. Brand of steel; 2. Characteristic
components; 3. Tentative procedure of thermal processing;
4. Composition of gas, baths, cooling medium; 5. Result of
thermal processing; 6. 40KH (38KHA, 40KHN); 7. Bolts of
connecting rod covers, flywheel bolts; 8. Temper hardening.
Hardening at temperature 850 t 100C, time of heating--- 10 min,
time of holding, 5 min; 9. Sub-tempering heating in a bath:
Na2CO3--- 65-707., NaCl--- 28-31%, NaCN-=- 1-2%; 10. Control of
hardness, in the absence of cracks and in tearing (the smallest
magnitude of tensile force 7000 kg (force)); 11. Cooling,
washing; 12. Cooling medium--- axle grease; 13. Tempering
at temperature 620-670 0 C, holding in a furnace--- 35 min.
Cooling; 14. Self-emulsifying oil (1.5-37. aqueous solution
Na2 CO3 ); 15. 30KHGT, 20KHNM, 18KHNM, 18KHGT, 15KH, 20KH2N4A;
16. Rear axle gears, kingpins, push rods, piston pins,
differential axles of drive axles; 17. Gas casehardening
at temperature 940 ± 100 C, time 9-12 hours; 18. Composition
and approximate flow of gas during casehardening in a 3-zone
gas carburizing furnace: endo-gas (feeder of the expanse
of the furnace)--- 20-25 m3 /hr; municipal gasl--- 1.5-2.0
m3 /hr; 19. Depth of layer: for steel 30KHGT, 15KH---
1.0-1.4 amm; for steel 20KHMN, 18KHCT, 20KH2N4A--- 1.2-1.6 mmn;
20. Hardening with temperature of 840 t 10OC; Annealing at
210 t 10°C; Cooling; 21. Axle grease; 22. Hardness of
exterior surface--- HRC 56-62; 23. In air; 24. 25KHC2, 25KHGT,
20, 08; 25. Transmission shafts and gears, transmission
shifting forks, bearing washers of differential axles and
planetary pinions; 26. Gas cyanidation (nitrogen casehardening)
at temperature 860 t 100 C, time: for shafts--- 9-10 hrs,
for gears--- 5-7 hrs, for brackets and washers--- 3-4 hrs.
Hardening by degrees with temperature of partial cooling
830 t 10°C; 27. Composition and approximate flow of gas
(in a 48-bottom plate non-muffle unit): endo-gas--- 35-40 m3 /hr,
municipal gas--- 0.9-1.0 m3 /hr, ammonia--- 0.6-0.8 m3 /hr;
28. Depth of layer for shafts of steel 25KHGr and 25KHGM,
0.8-1.1 mm: and for gears, 0.5-0.7 mm; for forks of steel 20---
0.3-0.5 umm; for washers of steel 08, 0.15-0.30 amn; 29.
Tempering at temperature: for steel 25KHGM--- 150-170°C; for ste
steel 25KHGT--- 190-210°C; 30. Cooling medium--- oil MS-20,
temperature = 170-190oC; 31. Hardness of exterior surface HRC
60-65; 32. Cooling; 33. In air; 34. 35KH; 35. Shafts
and gears of transmissioh housing of automobile GAZ-53 and
its modified versions; 36. Cyanidation, hardening, tempering;
37. Depth of layer 0.6-1.00 mm, hardness of exterior surface
HRC 58-65; 38. A12 (A?0); 39. Adapter nuts, catches,
synchronizers, rollers; 40. Liquid cyanidation at temperature
860 t 100C, time of heating--- 15 min, holding--- 20 min;
41. Electrode bath solution, 7: Na2CO3 --- 50-60, NaCI---
28-31, NaCN--- 12-15; 42. Depth of layer--- 0.15-0.20 mm;
43. Hardening and washing, tempering at temperature 210 +
10nC, time--- 60 min, cooling; 44. Self-emulsifying oil;
45. Hardness HRC 52-56, testing of all components with a

calibrated file; 46. 40KH; 47. Transmission gears and
-77-



Key for Table 36, con't: shafts of automobiles GAZ-51, MZMA,
ZAZ, 48. Liquid cyanidation at temperature 815-8300 C, time---
90 minutes, tempering at temperature 210 t 10°C; 49. In air;
50. Electrode bath solution, %: CaC0 3 --- 45-50, NaCI--- 30-35,
NaCN--- 20-25; 51. Depth of layer--- 0.2-0.4 mm, hardness of
exterior surface HRC 48-53; 52. Cooling; 53. in air;
34. 45 select (carbon 0.45-0.50%); 40 select (carbon 40-45%);
55. Crankshafts, piston pins, camshafts, flywheel rims, etc;
56. Induction tempering. Frequency of current during heating
of piston pins, 15,000 hertz, other components, 8000 hertz.
Cooling; 57. Water (0.5-1.0% solution of bichronate);
58. Depth of layer for piston pins--- 1.2-1.7 mm, for other
components--- 3-4 mm. Hardness of exterior surface of piston
pins HRC 58-65, other components, HRC 52-62; 59. Self-tempering;
60. 40KHNMA, 30KHGSA, 35KHGS, 38KHGSA, 40M, 40KHGTR, 45RP,
40R; 61. Differential axles of rear axles; 62. Induction
tempering; 63. Water; 64. Depth o. layer--- 3-5 mm.
Hardness of exterior surface for steels 35 MiGS, 38K0GSA, HRC 38-44;
for remaining steels HRC 48-58.

1. Composition of Saratovskii municipal gas, %: C02---
up to 0°4; CmH2 (IN ORIGINAL TEXT PART OF THIS WORD IS ILLEGIBLE),
up to 0.4; 02 up to 0.2; CO up to 2.0; H2 up to 10, CH4 + C2A 6
--- 80-95, N2 --- up to 3. Besides municipal gas, for gas
carburitation, one can use a propane-butane mixture, pyrobenzol,
clarified kerosene :;.d other gasifying products.
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TABLE 37. COMPOSITION AND FRACTIONS FOR CASEHARDENING
IN A HARD CARBURIZER 1

2 ld|6,o,+aarop

j e 3 IKavtri, ij a top
CoCran v.ap01opl1 aiopa. (Pa1i1ui ii*:wCrOTb 11), nonymot<coijjAA

ro8I2'407--64. % rOCT 5535--,o. %

4 Yr.nb ApeteCbIr,,l 6OepC3ou3i ., 16 OcTaAbnioe
b 5 Ka-lellilOyrOtblihr1 nonyKOKC . . . - OCTaibIIOe

6 YrNICK.,1•ii apu.. ........ .. 20:2 10--15

7 YrineKjmj~nbi Ka+lb, . fije 6oACe . . 2 3,5

8 Cepa, iie 6oniee ...... ...... .... .006 0,35

9 Kpetiiieuas MIICJoa n nepetieTe ia 17
*.,OXKHCb Hpemisi. ie (once .C ..... 0,3 lle Hon,',Mpye~cTi

10 ileT'ylle BemeCTea, ue 6ooce 0,5 18 To wie

11 Sd,., tit: uv,.. . ........ . 4.0

12 ),P3KUgu.

13 &1enee 3,5 MA.'I...... ......... .19 He 6o0ee 2 6
14 OT 3,5 Ao 10 umO ....... ........ 92 0

15 1I0 , 14 , ....... 6 15

Key: 1. Composition of carburizer, fractions;
2. Carburizer of charcoal (birch), GOST 247-64, 7%;
3. Carburizer semi-coke GOST 5535-50, 7%; 4. Birch
charcoal; 5. Carboniferous semi-coke; 6. Carbonate oZ
barium; 7. Carbonate of calcium, not more than;
8. Sulfur, not amore than; 9. • .con actd in a

conversion of silicon oxides, ti.+ more than; 10. Volatile
substances, not more than; 11. Moisture, not more
than; 12. Fractions; 13. Less than 3.5 wmi;
14. From 3.5 to 10 mnm; 15. From 10 to 14 nmm;
16. Remaining; 17. Not normalized; 18. Ditto;
19. Not more than.

I. Can be used in other solutions.
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TABLE 38. COMIPOSITION OF SALTS AND ALLOYS USED
IN HARDENING AND TEMPERING FURNACES--- BATHS

I I,~e, r pa I ean l a rY'

1 .... I 3 (IN iiMHqeCKHn COCTaOM B.t. C

137 150--5(y NaNO-15, KNO3-55
S..... , KNO .-- 50

317 3215-G00 NaNO,- 101
337 350--6W,• lNO,-- I1N)
435 4*0-780 N,0CI--21, BCI--31. CaC' -48

530 %0--870 NaCI--20, CaCI 2-3-), KCI- 50
720 W 6510-9tx) NaCI- -35 N,,2CO,-65
660 720-900 NaCI - 44, KICI - 56
803 ý3)0-11tX0 NCI - 10J
900 I IW1)- 1350 W, cU- 10()

Key- 1. Melting point, °C; 2. Temperature for use,
0C; 3. Chemical composition, 7.

Annotation. At temperatures higher than 550°,', saltpeter
decomposes. At temperatures higher than those shown in the

table, the temperature of saltpeter enters into chemical
combination with iron and cast iron, hiich can cause a dangerous
explosion. A charge is not permitted in a bath of moist components
and also contaminants of carbon black or coal.

-80-



4.

TABLE 39. POSSIBLE SUBSTITUTIONS OF BRANDS OF STEEL

1 t: I epo siPHclw e "Cr 2 JI, 11O0 d.I..IJ1.L. C , .

3ameitumll • mapVIl LraneSl 4 leflllie~ el ,, MINT10 C A lea :re:net6

7 Cr.l; ,ACr.1; KCT.I S o•, to 1 4rý 60; , Co. ;o 10
11 Ci.2; MCT.2; KCr.2: ICT.3 12 0, 15; 15sr ]3 VA12 o01, 65. 69'- 70. ch 14
15 Ci.3; MCi.3; KCT.3 1 15; 20, 151i 20r 17 5ur2 70, 7oF; 651r 18
19 Cr.,; MCT.4; KCT.4; BCT.4 W 201; 25; 251' 21 15X 13NA, 20X: 12X1H3A 22
23 CT.5; BCT.5;: CT.5; KCT.5 30; 301" 35. 35r.; 25 "oX ;b.r 1. 12XIt3A 26

2- 4U, 40r1 30
27 CT.6; AiCT.6; BCi.6; KCT.6 45; 45F; 50 501' 2912XI13A 2(0II3A, 20XHPI

2,,X1"r', oXVIHP; 31
34 12X2•lA 32

33Cr.7; AICT.71 KCr.7 cu); vo01',u5; 65r1' 2X 2114A 2(iX2tttA; 20XI-PI 36!I0.Xr1 ITP 7/
38 08; 08xn 3' :9 ! . 40!"'M 41

10; lOxn 13 15;• S; ; 'r 43 ViT o''FT: 20xrp 44
15; 15xn 151.: 20; 2 0hn 62SX\I'T 3••, ', 3OXFT 47
"20; 20im 4 20r, 25 4 Q 2)XUM A 23\FlT 501
25 251'; 30 .35X lux 52 1
-030 '0or; 35 5g 40X 45X; 40XP; 40XH 541
35 35r; 'i0 5 3XA 333X; 40X; 40X11 56
04r; 45 7OOXtt 6X]I; 4oxrHTP

45 45r; 50 93SOXMA 35XMA
I. :>3XI'CA: 35xrc; 6250 1'r; 55 6 jSXFCA 63

Key: 1. Carbon steel; 2. Interchangiable brands of
steel; 3. Brands of steel substitutes ; 4. Steel
alloys; 5. Interchangeable brands of steel; 6. Sub-
stitute brands of steell; 7. Sc.I, MSt.l, KSt.l;
8. 08, 10; 9. 40GZ; 10. 55, 60, 60G; 11. St.2;
MSt.2, KSt, BSt.3; 12. 10, 15, 15G; 13. 45G2;
14. 60G, 65, 65G, 70, 10KH; 15. St.3. MSt.3, KSt.3;
16. 15, 20, 15G, 20G; 17. 50G2; 18. 70, 70G, 65G;
19. St.4, MSt.4, KSt.4, BSt.4; 20. 20, 20G, 25, 25G;
21. 15K11; 22. 15KPA, 20KH, 12kIIN3A; 23. St,5,
BSt.5, MSt.5, K~t.5; 24. 30, 30G, 35, 35G; 25. 20K1];
26. 18KHGT, 12KHN3A; 27. St.6, MSt.6, BSt.6, KSt.6;
-•, 40, 4AG, 45, 45G, 50, 50G; 29. 12KHN3A;
30. 20KHNlA, 20KHNR; 31. 25KHNGT, 20KiGINR;
32. 12KH2N4A; 33. St.7, Mst.7, KSt.7; 34. 60,
60G, 65, 65G; 35. 12KH2N4A; 36. 20KH2N4•, 20KHNR;
37. 20KHGNTR; 38. 08, 08kp; 39. 10, lOkpi
40. 15NM; 41. 20NM; 42. 15, 15kp, 15G; 43. 18KHGT;
44. 30KHGT, 20K!tGR; 45. 15G, 20, 20kp; 46. 25KHGOT;
47. 25KHGM, 30KHGT; 48. 20G, 25; 49. 25KHGM;
50. 25KHGT; 51. 35KH; 52. 40KH; 53. 40KP; 54. 45KH,
40K1tR, 40KHN; ,5. 38KHA; 56. 35KH, 40K01, '+OKMN;
57. 40KHN; 58. 45,11N, 40KHGNTR; 59. 39K1U'A;
60. 35KIIMA; 61. 3OKHGS; 62. 3)IKUGSA, 35KHGS;
63. 38KHGSA.
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Key for Table 39, con't.

1. Substitute brands of steel are shown which guarantee
approximately the same or slightly better mechanical
properties in comparison with the interchangeable steels;
their use is more expedient economically. By this the
cost of the components is somewhat improved.

§ 3. Low-Alloy, Coil-spring, High-Tempezoture and Ball-Bearing S-eels

Low-alloy structural steels in comparison with carbon steels are
distinguished by high strength, resistance to abrasion and corrosion as a
result of the increased content of manganese, chromium, nickel and copper
(Table 40).

Low-alloy steels are divided into two groups: A and B (Table 41).
For making automotive parts, it is preferable to use steels of trademarks
18G2, 12G2, 14G2 and 14KHGS (for cross members and lengthwise shafts).
Besides this, steels of group A can be used in automotive manufacture and
the automobile repair industry as a type of rolled goods (steel 14G), for
making components of metal-cutting machines (steels 15KHSND and 1OKHSND)
and critical welded construction.

Alloy coil-spring steels (Tables 42 and 43) are widely used in structural
domestic automobiles for making suspension components (coil and leaf springs).

'iicon steels 555S2, 60S2, 60S2A and chromium-manganese 50KHG and 50KHGA
(see section 4) are the most widely used. Chromium-vanadium steel 50KHFA
is used for making torsion plates of automobiles ZA-965 "Zaporozhets" and
engine valve springs.

In machine construction a very large amount of high-alloy corrosion-
resistant, high-temperature, heat-resistant brands of steels and alloys are
used which vary in their use, properties and chemical compositions. Jn
automobile construction, high-alloy, heat-resistant steels (Table 44) a%:e
used mainly for making automobile engine valves. Moreover, along with
the standard (GOST) they use non-standard (non-GOST) factory brands of steels.

Ball-bearing steels (Table 45) are used for preparing push eod rollers
of automobile engines, starters, booster pumps, steering mechanisms ofV automobile ZIL-130 and, mainly, components of ball and roller bearings.
These steels, after thermal processing (hardening and low-temperature
tempering) are distinguished by very high resistance to abrasion.

I
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TABLE 40. THE CHEMICAL COMPOSITION AND MECHANICAL
PROPERTIES OF LOW-ALLOY STRUCTURAL STEELS FOR METAL

CONSTRUCTION (GROUP A, COST 5058-65)

] S) Xi •,,qu.iga ,.0 ran,. %" 3 v~j, g'icau.,q c•e ciiohirsa~o

1, X1 3,i. T ~ .I~ 'c

K r4tlcs,;

6 14r 0,12- 0,17- 0,70- 4b 29 21 3,50.18 0.37 I,(1 )

7 19r 0,16- 0,17- 0,80- 48 32 22 3,5
0,22 0,37 1.15

<0, 12 0,17- I,*10- 45 30 21 30,37 1,80

9 14*2 0,12- 0,17- 1,20- 46-47 33-34 21 3,5--3
.0,18 0,37 1,60

.10 18[12 0,14- 0,25- 1,20- 52 36 21 40,20 0,55 1,60

S121"C o'09- 0,50-- 0,80- 47 32 26 -
0,15 0,80 1,20

12 16rC 0,12- 0,40- 0,90- 46-50 28-33 21 30, 11 0,70 1,20

13 17rC 0,14- 0,40- 1,00- 50-52 34-35 23 3,5-4,50,20 0,60 1.40
14 09F2C <0,12 0,30- 1,30- 44-50 27-35 21 3,5

0,80 1.70
15 IO2cI <0),12 0,90-U I .A0- 46-52 32-38 211,20 1,65

]0 15-r 0,12- 1,17- 0,20-- 48-52 314-38 21 3-4
0,18 0,37 1,20

1.7 loX['C 0.11- 0,40- 0,90- 50 35 22 40,16 0,70 1,3I
S10 5XCIIJA 0,12- 0,40- 0,,10- 50 35 21 3S,18 3,7o 0,70

IJv 1X.::. . "o,1' .,80- O.0-- 52-51 10 !9 5
1, 10 0,80

V83-
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4
Key for Table 40: 1. Brand of steel; 2. Chemical composition,%*;
3. Mechanical properties**; 4. kg (force)/mm2; 5. at 400 C,
kg (force)m/cm2 ; 6. 14G; 7. 19G; 8. 09G2; 9. 14G2;
10. 13G2; 11. 12GS; 12. 16GS; 13. 17GS; 14. 09G2S;
15. 1OG2SI; 16. 15GF; 17. !41THGS; 18. !5KIISND;
19. 10KHSND.

* St-'el 15GF contains 0.05-0.10 % vanadium. Chromium content:
in steel ltdiGS, 0.50-0.80%; in steel l5KHSND and 20KHSND,
60-9G%, in the remaining steels up to 30%. Nickel content in
steel 15KHSND--- 0.30-0.60%; in steel IOKHSND, 0.50-0.80%, in
the remaining steels up to 0.30%. The copper content in
steel 15K1iSND, 0,20-0.40%, in steel IOk1SND, 0.40-0.65; in the
remaining steels up to 0.30,0.

A* The largest values of the breaking point and yield
point for the minimum thickness of rolled goods (4-10mm).

*** The impact strength for steel 12GS, 09C2S and IOG2S1
at 20 0 C is equal to 6 kg (force)m/cm2 ; for remaiming steels it
is not shown.

4
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TABLE 41. THE CLASSIFICATION OF LOW-ALLOY STRUCTURAL
STEELS (GOST 5058-65)_

1 pyinn CTA Mv~ CTJAH 1 1pilmeieHeik

A. CMnUAb OAR metnoAauqevcux t(oacnipyKttui)

4M,;praHuooicCTaR 5 141'. 19r', 6 C.r,,I. IbHr-Ki)VrJuI, KnaApaTI1.b,
091"2" 141"'2; noaocolloii It 1I)(O'jj~ibJtIb IIpo I(ar oZ

18!2 "1 aJIbIlLACl 0OT7BTCTBRIIIbC elapLil I .
AH01I)IINp h01U YIIIIII. 141I'2- non

p,;,uma paMs (311Ji)
7 Kp- meMaprauuonIICTea 82UGC 16rC; 9 CTa.' 12rC--lovcjxCp mn1 arotn o,•- 1~7rC, (091'20: um. ,, 01aA (I'A3); oCranb, i~hje--o

io0"2CI ue rcr IumiC Q3l)alIble ioncrTpyKIuIII
10 apramienouauamieaan 11 1 5f" D 2 Jhlicrowe coapli•ie KO1CTPyKuIIII.
13 XpomoKpemiicMapran. 14 14XrCo 131poaoj,h~uae 6animi 1 a8ToMo61a:bL1b,1

uenaSa pamN. oNeICTCTnIe UC caapi.IC Tpy6bi
lO0pOMOLKpCMIIeIIIIK~eJeBaa 1715XCHRi. 8 Xo.rnoue naaIxKA, meiaPAW'lec);i
C meawo toXCIII M Oh,.Ij)yhui, cipoUHTe.'bA,14t: (tep.PA-

ctapuIJL*a 21 t(kIaJLllbIQ

SB• G~~. Ctnoalb O~A ap..up~o'nuR •xeneao6emnonJuNA i~oncenpyicluOt

~~2 221po.e19 KpeN¶IemiapraHUI3 3-a-C 181'2Q. ApMaTypa Anq hnipo~mLOWis em

22 Xpomomapraltenasi cC 23 20xr2'L 29 4To )e

(KpenlmicTah 26 WOC
25

Key: 1. Group of steel; 2. Brand of steel; 3. Use;
4. 11anganese; 5. 14G, 19G, 09G2, 14G2, 18G2; 6. Steel
140--- round, square, strip and shaped rolled goods; the
remaining, critical welded sheet construction; 14G2---
cross members of the frame (ZIL); 7. Silicon-ir -anese;
8. 12GS, 16GS, 17GS, 09G2S, 10G2SI; 9. Steel 12GS---
cross members of automobile frames (GAZ); the remaining---
critical welded construction; 10. Manganese-vanadium;
11. 15GF; 12. Sheet welded construction; 13. Chromium-
silicon-manganese; 14. 14KHGS; 15. Lengthwise shafts
of automotive frames critical welded pipes; 16. Chromium-
silicon-nickel with copper; 17. 15KHSND, l0KHSND;£ 18. Feed shafts, metal construction, structural members---
welded and riveted; A. Steel for metal construction;
B. Steel for reinforcement of iron-concrete construction;
19. Silicon-manganese; 20. 35GS, 18G2S, 25G2s hardware for
for reinforcement of iron-concrete construction; 22.
Chromium-manganese with zirconium; 23. 20KHG2TS;
24. Ditto; 25. Silicon; 26. 80S.

fo *Lengthwise shafts of the frame are also prepared

from steels 15GYUT, 30T (ZIL) and 19K11GS (MAZ), not
specified by GOST.
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TABLE 42. CHEMICAL C(IWPOSITION OF COIL-SPRING-ALLOY

STEELS (GOST 14959-69)*

MaPliK CT*JIk . . te

CSI hill Cr 60 (C ..~~

4 55C2A 0,53--0,58 1,50-2,00 0,0-0,90 <0,30 0,040 0,040
, 55FC 0,52-0,60 0,50-0,80 0,60-0,90 <.0,30 0.015 0,01(0

5(,C2 0,47-0,55 1.50--2,001 0,60--0,9)0 3 (,1,30( 0,10) 0,0()
S55C2 0,52-0,60 i,50-2,(K) 0,60- 90 ()(,'0 O,01U 0,010

8 60C2 0,57-0,65 1,50-2,0R 0,60-0,90 -.0,30 (,)Ic 0,010
9 jCX2A 0,58-0,63 1, W0--2,('" 0,00-0,q) <0,30 0,3A)0 0,1f)3

10 70C3A 0,G6-0,74 2,40-2A, 0,60-0,90 <0..0) (),A,) 0,0 3I oxr 5SXI 0,46'-0,54 0,17-0,37 0,:0--1,o0 0,90-1,20 0,010 0,010
Z 50XrA 0,46-0,51 0.17-0,37 0,80-1,(0) 0,93-1,20 0,030 0,030

13 5IIMA 0,46-0,54 0,17-0,37 0,50-0,80 0, W0- I, 10 9,010 0,)0 5
14 w,,,r(PA 0,48-0,55 0,17-0,37 0,80--1 ,(W 0,93--1,20 0,030 0,030
15 (,C2X4A 0,56-0,64 1,40--1,80 0, 10-0,70 0,90--1,20 0,030 o,0W3
16 6Uý2XA 0,56-0,64 1,40-1,80 0,40-0,70 0,70-1.0()0 0,030 0,035
17 . .....A n (%.rn !,50 2,'' 0,70--1,oX -z 0,3C 0.030 O,"e,
18 "00-'112A 0,5()-0-•6i1 1,40-1,80 0,40-0,70 o0,30 0,030 0,035
19 6OCA 0,56-0,64 1,30-1,80 0,80-I,00 <0,30 0,03 0,03
20 70C2XA 0.,65--0,73 1.40-1,70 0,40-0,60 0,20-0,30 0,03 0,03

50XGA 0,.15-0,55 0,80- 1,26 ,30--0,50 0,80--1,20 0,03 0,03
22 55XrP 0.52-0,60 0,17-0,37 0,90-1,20 0,90-1,20 - -

Key: 1. Brand of steel; 2. Chemical composition, %;
3. Not more than; 4. 55S2A; 5. 55GS; 6. 50S2;
7. 55S2; 8. 50S2; 9. 60S2A; 10. 70S3A; 11. 50KHG;
12. 50KHGA; 13. 50KHFA; 14. 50KHGFA; 15. 60S2KHFA;
16. 50S2KHA; 17. 65S2Va; 18. 60S2N2A; 19. 60SGA;
20. 70S2KHA; 21. 50KHSA; 22. 55KHGR.

* Vanadium content: in steels 50KHFA and
60S2KHFA--- 0.10-0.207.; in steel 50KHGFA--- 0.15-0.25%.
Steels 65S2VA contains 0.80-1.20% tungsten. Nickel
content in steel 60S2N2A, 1.40-1.70%; in steel 70S2KHA,
up to 30%; in the remailing steels, up to 0.40%.
Steel 55KHGR contains 0.001-0.003% boron.
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TABLE 43. THE MECHANICAL PROPERTIES AND REC=MMENDED
PROCEDURE FOR THERMAL PROCESSING OF COIL-SPRING-ALLOY

STEELS (GOST 14959-69)

2 (1TK1 ok L ..

~IY ? 6 paC1 4, ~*j~7 61 6____________h______ I'[) ___________,____________________l________
5'WCIK~ ¢--i - • 55X1KP 17 I LR! ,!

87 52( 820 480 80 100 8 55XI' 17 ,5m ,450 ,5! 251 )4
S501c2 870 4,0 H 120 C 50X*qrA 18 8Wo 520 120 1,30l

5,ý,2 870 460 120 130 6 50X(PA 19 851) 520 110 130 10
0, (2A 870 460 1 tO 1 60 5 6CC2XA 20 870 '420 160 180 5

5gCJA 870 4160 120 V120 6 6(2X1)A21 b.-0 410 170, ;90 5
12 tuc,0C 800 4b0 120 130 (5C213A 22 850 420 1701 190 5
1 7CA 86(0 41,0 160 1 50 1

u5t)X 840 .490 110 130 5 C(C2l12A23 850 420 160 175 5
15 5dxrA 8,10 '190 120 130 6 70C2XA 24 860 460 160 180 6
In 5OXCA 650 520 120 135 6C 6CCFA 25 860 4,0 140 160 5

Key: 1. Brand of steel; 2. Procedure ?f thermal
processing; 3. Temperature of hardening ;
4. Temperature of tempering; 5. Mechanical
properties; 6. kg (force)/mm 2 ; 7. 55GS;
8. 50S2; 9. 55S2; 10. 60S2A; 11. 55S2A;
12. 60S2; 13. 70S3A; 14. 50KHG; 15. 50KHGA;
16. 50KHSA; 17. 55KHGR; 18. 50KHGFA; 19. 50KHFA;
20. 60S2KHA; 21. 60S2KHFA; 22. 65S2VA;

x 23. 60S2N2A; 24. 70S2KHA; 25. 60GSA.

1. Quenching medium for steels 50S2, 59S2, and
55S2A--- oil or water, for all remaining steels---
oil.
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TAB~LE 44. CHEMICAL COMPOSITION OF HIGH-ALLOY
HEAT-RESISTANT STEELS

0 0p :: 0Z...

AV0 0 0 0 0 0 0 0 0 00c 00c

0 c

oo4 Iý ci: I c~l 0i cý c

cý000 0 0 0

2 a 0) 00 dnc

Q, ~ 0 o- Nf Z,

V o 0 j::)0

Il C; 00 C'Ji C. c

0 L)0 0 0 0 0o 00

[5-- r- t-1 - -ý -c, ~ C'CJ CI'

o~c cK;c 4-
00

00 cJý v;~ C9 2. X0 0 C'i to a)-o

0 0 0 CR

f co 00

44 -4ý -- "ý N CrN 0 4c" c ncc

C~ c -a ca a-

41 -1 04

L., C f 0u, C 4 (0 0
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Key for Table 44: 1. Brand of steel; 2. Chemical composition,
%.; 3. According to COST 5632-61; 4. Factory; 5. Remaining a
alloying elements; 6. Not more than; 7. For KH952;
8. .4KHlOS2M; 9. 3KH12Z47B2; 10. 4KHl2Nl4V2M; -11.
KHl8N9; 12. KI118N9T; 13. KH~UNl42; 14. 1KHl2SYLJ; 15. KH6SM;
16. ESKH8, KH9S2; 17. E1107, 18. 10118S2?!; 19. E172;
20. KHl3N7S2; 21. E169; 22. lKHl8N9; 23. EYAl; 24.
1Xfl8NMT; 25. XYATT; 26. 31211; 27, E1404; 28. KHl2SYU;,
29. ESKH6M; 30 E1992, KHV; 31. EP303**; 32. 5KH2ON4AG9;
33. EP48, KHSR; 34. EP332.

* Steel lKI1lBN9T is used in the automotove repair industry
for lining electrolytic baths.

** Accepted for use, steel EP303B with additive 0.1%
niobium, which is characterized by high heat redistance.

TABLE 45.* CHEMICAL COMPOSITION OF BALL BEARING
STEEL (COST 810-60)

1 ~2 XWMN4MH'Vtk64 COCT483,

MaPica CTSfl4M I_______
3 WIX6 1,05-1,15 0,2-0,4 o,17-0,37 0,40-0,70

4 WX9 1,00-1,10 0,2-0.4 -0.17-0,37 0.9.:-1,23

5 WXI5 0,95-1.05 0.2-G.4 0.17-~0.37 1,30-1,65

6 WX 1-50 0,95-1.05 1,.9-1,2 0,40-0.65 1,30-1.65

Key: 1. Brand of steel; 2. Chemical composition, %;
3. SHKH6; 4. SHKH9; 5. SHKH15; 6. SHKHI5SG.

* Nickel content for all steels, up to 0.31; copper up to 0.25%;
nickel plus copper, up to 0.51; sulfur up to 0.02%; phosphorus
up to 0.027%.

1. Hardness of steel in the condition supplied, HE
179-207; for steel SHKH15SG, 179-217; after thermal processing
(hardening and low-temperature tempering) hardness HRC 60-65.
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§ 4. Brands of Steels, Used for Making Basic Components of Domestic
Automobiles

For making critical parts ot engines (piston pins, crankshafts and
distributcr shafts, connecting rods) high-quality carbon steels (Table 46),
hardened in the first three instances by induction heating, are widely
-,ed.

For piston pine of heavy duty engines low-carbon alloy steels which are
casehardened are used.

In Table 46 data are also presented concerning the use of various brands
of high-alloy heat-resistant steel for making valves of domestic engines.

£xhaust valve collars of new models of engines are fused with heat-
resistant and abrasion-resistant alloys VKHN-I, VKiN-2 and others. The
cavity of the valve of engines ZIL-130 and GAZ-53A is filled with metallic
"-odium, whose steam at the time of operating the engine enables one to
decrease the operating temperature of the valve platus.

lor preparing shafts and gears of transmission housings low- and
average-carbon alloy steels 'Table 47) which are usually subjected to gas
carburization or gas cyanidAtion (nitrogen casehardening) are used. The
main transmission gears of automobiles, as they bear an especially heavy
load, are made from low-carbon alloy steels and casehardened, which permits
obtaining a strcng layer on the surface of greater thickness than when

treated by cyanidation (Table 48).

Cylindrical drive gears of the reducing gear of automobile ZIL-1 3 0

are wade from the carbon steel 55PP, which, as a reuult of decreased
hardenability, per-its one to obtain, during complete hardening, a hard
surface layer with a sufficiently ductile interior. The remaining
components of the rear axles, made from alloy steels, are either subjected
to casehardening or cyanication. In Table 49 data are presented on material
of basic components of Cardan transmissions, in Tables 50 and 55--- steering
units.

In TabLe 54 material is shown on components of front non-drive axls
of automobiles ZIL-130 and GAZ-53A, these same brands of steel are used
in construction of other models of ZIL and GAZ trucks. In Tables 52 and
53 there are data on the material of suspension components of automobiles
and trucks; in Table 51--- material on parts of automotove frames.
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TABLE 46. 1MATERIAL FOR BASIC COM4PONENTS OF DOM4ESTIC ENGINES

5 6
1 2 3 4 .en."j~tI,.AHbi.

It. JA~ 3I -- 5 M3M/i 408 1 AJNA 411- 1 ) rA A 'I

flopauIi~OBA CTaab 15X. Cra.-b 4- cceaex 2,' IIRd(CTan, 45CCae, L6Cra' m, 45
nawll , ,emeatmiu, 58-U~ iaaKnh'a T. 0 'I.)l HI?C 59i-69, CCJIC(T,12 111W 601 (3BIKdiJ;Ka IIAC 58-65

.311te mn 14 r. a 4.) (1ala;IJI
21 22 23 422 2%, 25' 1 '1.)Warynl ii Crazlb 40P CTaa 42 I C a b 0, Cial 45f-2, Granb 45r2,1

Kputii1Ka f/8 228-269j "e cT, H18 228-269 JB282
iuaTI-1.1/ 2 17-255

B')AT HcP141ni Cram, 38XA Cualzb J8XA, nymi'iuemiie, CT.Ub 1XA b'a?8~
NlWbryiia IIFIC 30-34 II1.cil, )'llelc,

41 42 43 &IC 27-ol 11,RC 27-T4
KoIeh4&Tb'lA 'lyryti 04 Craab11 45, ccjieKT,/;? 191 .tilYryll .§ 4r anb4 'IA

Bin 50-I1.5 52-42 (sauamo~ T. 11. 11.) .50-1.5 ccjic itr,
.-,N. iafti. (01. ra6ji. 1:5) I/lW50-60,1

13) pAauiKaJa
51 52 5354J T. B q.)

WecTreptii - Gram, '40 Cfalb'A1 CT?',4l 55....
KoJ]CllIA911ro will A20) H81 1:0-229 ' imis 40,

baJna 61 62 1118 170-229r
Pacnippemi.nt CraJlb 15X, G~az,j 40) ceaCxr, 111W Gra.ni V 11111 CUM,, '10 'inI 64

Te Bd aa IteNCMCIU~L1, 50-60) (3fl1(aJKa Tr. n. 11.) Aerlipoi~aimmi~t xemp~imaji.
11RC 58-63 iniin erioponaiinufl tiyryn - qri 4YVYIJ tii yryu

7ryjl0f CTSAJ1?k92 CTa~b 7& , ~j~b 4XQC2, CUA.ni 'lOX, Cr 'in1, 40X,
KIlanafl JIRC 25-35 11RC 25-35 1/lW 30-37 111W 30-40

(ropcui CTE' p IKIISI (T01,21
IIRC 4$) M-pIMUnn

80 81 82 83 84 um 15)
8inycxinor CT3am. Granb 24148, CT3aab CT8Jnb 1X9C2, Ujani'. 4X9c.

wiannhi' 311 9Qi, pa. HRC 28-312 1X]411!14B2M 11kG 10-- 4o) HI.Yi. 4-.,0,
6o'iyio (t)IaCKY (3"169) (Tope~j CTCP~Inn (ropeziI

11MUTCAMU 1RC 45) CCrp)Irnf
clnnatiom HRC 45)

91 92WX12 93 -94

KoPomb. -:ao Cram,z 40X, Craab 20X, imsannnpnna- CraAb 45.
1(011144111 nnmie. ToeprnOCm iianftit-- H18 170-217
n~oetpXttOCTb HHKaI

Q9 IIC ")G-62
rOaA'reAI Cjr 35 -TU 35, Han~aaoK Topua-crzeu4yryii

1,166/11W 35-50

11109 110
Be ~ ~ CT3Galb 40 CCACKr, Cra.11 45, Cram. 415

klaxul)Ika IIRC 42-49 11RC 48-53 nimi 40,
(3ax1(amm 1/C 45...4C
T. 0. 4.) (3,iKaAKl

115 116 117 T Ll,
1;0arTL- CTau. 40X, Crnmh 38XA, Camq, 38A, A.

Mpe~aniefils YAy 'nine,' ya yqlmemnnne, ymzy11tuN1mt.
maxunlin.1 I IUC .Z6-30 1/PC 25-32 1 RC 25-:Iý
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Table 46, con't.

78
orLiec* ".111hb.A Aa!%,ar.:jst,, 9 10 1

17 Grubi -15 %CqICIT, 18:AIuIi, 12X113A, iteciaruitLHn 9 CT111ii 15X, 20GrumII 45,
II1?C58-6 /II~C 5-65 CHIITRWItflo IIRC 58-65

(3a1RC i 5865 /1N' UC 54-158 (3nx011Ca
r ao. q. T. 0. 11.)

27 r .q.)28 3
Cum,~ 4,5r), CTRnih 401', Ci~iqb 40X, Crami 9401) CTn1Ab h),
111B 228-269) I/B 220-2.55 JIB 22.0-2 9 Q(pI),l:In0- y'Yaeic

mut n40', iimi 45r'2, CTO.11 110) 1/1b 207-240
JIB 2:30-255 NB 228-269

- -47 Cia."u 40XH-,8 CTamib 4OXH,3 CT.ji,, 40X11, CTmh 40X,
46n yýl mie Ynyqul('IlI1e yniyttwcumce4 yJay:itucimC,

467 849 HRG 25-30
q-yryH IN1 CTanI6 5017, Cmrnib 65r', CTalb 45 cOJeKT G50rai.b 45,

501- 1.5 IIRC 50-58 1IRC 52-62 IIRC 52-62 0IIRC 52-62
1C.M TM6J. 13) (flpoi nuoO-ch- (IUKulixa (majxalIa

56 ý7kId~b 4V Iyu - cm , cI;..h q
11B 170-229 celeua.Abitinf 1111 170-.229 11/7 150-180

C~~aJ6N HMe~c CTa~n6 Cai 4.5, Granib6 ý, C-rar 2 45
CT8.qb-1M 67cnKCan bbX75

11lW 52-60 LuemcHTaiUHA, /1kG .52.-GO IIRC 52-62 HRC 56-62
If RC W-02 (3DRARDi~ Wil jierupocan.i

76 T. B. 'Ii.) 8 Hul 'iyryii 79
C'rujnb *1X9C2 I 7 4OCMA Cra.Rb 4X OC2AA CTA.mh 40X,

(ToI)CIL CTCP~KHO (H-107), ropeiu (3H-1107) NRC 355. (T'rape
1IRC uc menee c~epwim c.I.p~ain

48) NRC 35-40) FlEW 42-56)
86 87, 414814 89, 90C2~

Cr11311, wr130.1, Cri.mb A181-ig 4X4 412 C'rajb 3n3,XIO2 - o
1anIflj~la (3RII).-rwrnnim, (M169), crop. anr-ix 13XH. I noua, 40X-

BXH-1, (MiJn18I 40X% min 4OXI- weith '40X11 (IIX35C3) i~um CTCPwc~lb

i(11 HRC 20-30) 011 p)Ksi
95 )}RC 42-56)

Cra~ni 45, )6 Gram, 20, 97rra~Ab 45, 98CraJIb 4531q
OT.'lIIBKa, tiememm~wim, HD 170-217

tIB 170-217, 11W .56-G3~ (c4epa HRC 55)

' ý02 103 104 105 106
CTaJIb 15 Kn, CUM~,i 40X, CTA~b -15, Cralib 35, im. clvn.it, I X,

11aflJ~a11Ka - li- p1111AK UX IS, POAHIK UIX 15, flJIRoK- qyryN ttCNINIlTA1110,
ra1poua1a1blf 0('b pwnIma OCh POAHIKS COCUMUMIbIURi. 111W 54--6i2

.fiy H;, 1-RC 60 MrAI, l511M 15X4) NRC 60
TL 1bJI 45, CTRJ~b I5101, - 11 3ýTafib 45 ll;Tainb 45,

I/kG 48-56 1R010=1ra119. I111W 35-45
lIIRC 54-62

119 120 121
- ~CTOAbi 4OX I, -CTaJI. -lox ,C~Tamh 40X,

VA411iliI .1 4/ eltme
?11W 25-32 U 5-8

.-92 -



Key for Table 46: 1. Designation of component; 2. ZAZ-965;
3. MZMA-408; 4. MZMA-407; 3. GAZ-21; 6. GAZ-51; 7. GAZ-53A;
8. YAAZ-204; 9. YAAZ-236; 10. ZIL-130; 11. ZIL-164; ZIL-120;
12. Piston vins; 13. Steel 15KH, casehardening, HRC 60, not less
than; 14. Steel 45 select , HRC 58-65 (induction tempering)
15. Steel 45 select, HRC 58-65 (induction tempering); 16. Steel
45 select, HRC 58-65 (induction tempering); 17. Steel 45 select,
HRC 58-65 (induction tempering); 18. Steel 12KH3A, casehardeninj,
HRC 58-65; 19. Steel 15KH, cosehardening, HRC 54-58; 20. Steel
45, HRC 58-65 (induction tempering) 21. Connecting rods an4
connecting rod covers; 22. Steel 40R; 23. Steel 42G2, HB 222-269;
24. Steel 40 select, HB 217-255; 25. Steel 45G2, HB 228-269;
26. Steel 45G2, HB 228-270; 27. Steel 45G2, HB 228-269;
28. Steel 40G, BB 229-255 or 40G2, HB 230-255; 29. Steel 40KH,
HB 228-269 or 45G2, RB 228-269; 30. Steel 40R (lid-steel 40);
31. Steel 40, temper hardened, HE 207-240; 32. Connecting
rod cover bolts; 33. Steel 38KHA; 34. Steel 38KHA, temper
hardened, HRC 30-34; 37. Steel 40KHN, temper hardened;
38. Steel 40KHN, temper hardened; 39. Steel 40KHN, temper
hardened; 40. Steel 40KH, temper hardened, HRC 25-30;
41. Crankshaft; 42. Cast iron VCH 50-1.5 (See Table 13);
43. Steel 45, select HRC 52-62 (induction tempering); 44. Cast
iron VCH 50-1.5 (See Table 13); 45. Steel 45A select, HRC
50-60 (induction tempering); 46. Cast iron VCH 50-1.5 (See
Table 13); 47. Steel 50G, HRC 50-58; 48. Steel 65G, HRC
52-62, counterweight--- steel 40). 49. Steel 45 select, HRC
52-62 (induction tempering); 50. Steel 45, HRC 52-62
(induction tempering); 51. Crankshaft gears; 52. Steel 40;
53. Steel A12 or A20; 54. Steel 45G, HB 170-229; 55. Steel
35 or 40, HB 170-229; 56. Steel 45 HB 170-229; 57. Alloy cast
iron; 58. Steel 35, HB 170-229; 59. Steel 35, HB 150-180; 60.
Camshaft; 61. Steel 15KH, casehardening, IIRC 58-63; 62. Steel
40 select, HRC 50-60 (induction tempering) or alloyed cast iron;
63. Steel 40 or alloy cast iron; 64. Steel 40 or alloy cast iron;
65. Steel 40 select, HRC 52-60; 66. Steel 15NM, casehardening,
HRC 56-62; 67. Steel 45, HRC 52-60 (induction tempering);
68. Steel 45, HRC 52-62 or alloy cast iron; 69. Steel 45, HRC
56-62; 70. Safety valve; 71. Steel KHgS2; 72. Steel KH9S2,
HRC 25-35; 73. Steel for KH9S2, HRC 25-35; 74. Steel 40KH,
HRC 30-37 (rod ends HRC 48); 75. Steel 40KH, HRC 30-40 (rod
ends HRC 45); 76. Steel 40KH9S2 (rod ends HRC, not less than
48); 77. 4KH1OS2M (EI107), rod ends HRC 35-40; 78. Steel
4KHlOS2M (EI107); 79. Steel 40KH, HRC 35 (rod ends HRC 42-56);
80. Exhaust valve; 81. Steel E1992, working face fused with alloy
VKHN2; 82. Steel EP48, NRC 28-32; 83. Steel lKHl4N14V2M (E169);
84. Steel 4KH9S2, HRC 30-40 (rod ends HRD 45); 85. Steel
4KH9S2, HRC 30-40 (rod ends HRC 45); 86. Steel E9303, fused with
VKHN-l (valve, HRC 30, fused, HRC 20-30); 87. Steel KHl8N9
(EYAl) head, 40KH or 40KHN--- rod (end of rod HRC 42-56);
88. 4KHI4NI4V2M (E169), rod 40KHN; 89. Steel EP332, fused
VKHN-l (NKH25S3) or alloy KHN6OVU; 90. KHIOS2M--- head, 40KH---
rod; 91. Rocker arm; 92. Steel 40101, contact surface
cyanided, HRC 56-62; 93. Steel 20KH, cyanidation, hardness of
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Key for Table 46, con't:

file; 94. Steel 45, HB 170-217; 95. Steel !,, cast, HB 170-217
(sphere, HRC 55); 96. Steel 20, casehardenir.g, HRC 56-63;
97. Steel 45, HB 170-217 (sphere HRC 55); ýd. Steel 45L;
99. Push rod; 100. Steel 35; 101. Steel 35, fused ends---
alloy cast iron, HRC 35-50: 102. Steel 5XP, fused--- alloy
cast iron, HRC 60; 103. Steel 40KH, rolier SHKHIS, axle of
roller, steel l5NM; 104. Steel 45, rolki- SHKH15, axle of
roller, 15KHS; 105. Steel 35, fused-- .. loy cast iron, HRC 60;
106. Steel 15KH, casehardening, HRC 54 2 107. Flywheel rim;
108. Steel 40 select, 11RC 42-49; 109. Sceel 45, HRC 48-53
(induction tempering); 110. Steel 45 7' 40, HRC 45-49
(induction tempering); 111. Steel AS IRC 48-56; 112.
Casehardening, HRC 54-62; 113. Steel .5; 114. Steel 45, HRC
35-45; 115. Bolts attaching the fl•y ,el; 116. Steel 40KH,
temper hardened, HRC 25-30; 117. St- 1. 38KHA, temper hardened,
HRC 25-32; 118. Steel 38KHA, tempe! ordened, HRC 25-32;
119. Steel 40KHM, temper hardened, "AC 25-32; 120. Steel
40KH; 121. Steel 40KH, temper hard .-d, HB 255-285.

1. Inner cavities of ZIL-130 aee GAZ-53A valves filled with
metallic sodium.

2. Content of carbon in steel t.sed to make piston pins is
limited to 0.45-0.50%.
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TABLE 47. MATERIAL OF BASIC COMPONENTS OF THE
REDUCTION GEAR BOX 0OF DOMESTIC AUTOMOBILES

ini~ci a mA Clio ~ *'Ni)LH K:; li. 4 0 7'o I's2
vai f1 2 a 3an% o p'o twlL 1 3 :6OC.iK~ i~ I4ola 4 110:11-I .

10 11 12 13 14
BeAYiuuIV CTa~u, K.X, Crant, 35X, m~ia* Cva~lF, 35X G'ra~b WC\

najn' Iiianimporiamie Hilponamie na raiy uitaiinpotianii unainiposufl e
11a rny6:imy limy 0,2-0.4 hmM, tii cMy6iiHy tie na pay ji ny
0,2-0,4 Auti, III "a gy~bnx 11RC 56 btceme 0,18 MAIA, 0,15-0,18 AN~,
Sy6bflX HRC 56 tnCiajizlioe HRC 48) H-IRC 48-53 HNRC 48-5 1
(OCr.&Awfoc 1/1?G
418)

19 20 21 22 23
BRciohjIwi ro mie Crail IOX. Iverf- ('0 we Co w

HRC 56 (snlKAkah
T 0. ti.), OCTB~b-
iioe t-,1 269-3ý2

2 i
29 30 31

I1 pomeC. CTalmb 35X, umia- Ciani, 40X, To )He
WYOI yroi iponatine tin rusy imiaiiiponaimie

nIti ran 6iiiy 0,2-U,1 mm. III' raiy6niiy tic

(6.noK me- 11- 3y6bgX IIRC 56 -metec OJ,8 MAtt

crepefi) OCralIbII~e 11JC 18, iIRC 48-5,3

36 37 38 39 40
ILIOcrepill I(HeM111iH FO MeC, OCb 040- To we{ ro )l{c

' 4Ic ) lpoll flepe) Ka leTPI
An'11 11AY1101-CT8J~b 40X, 11RC 58

Mill, 12X I13A,

till rsy6nimy
1,0-1.1 At W;

IIRc 56 Oc .
lOflbllife mle-

imainatipocati e,
133y6I'flX HRC

56 (ocraAL1100
H RC 4 8)
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Table 47, con't.

6 IA.37 AIA3*2ob - 3;1.11.1r ('4 I I81111130

15 16 17 1.3
Clani 35X, una- CTah~b i5xrkHTA, CTaJ~b ý"OXIr, lie CTanib 25xrm,

imlpomame Ila rAy- IlteNCIMI151r Ha raiy- hieiuliall Ha 1 J18 y filiTpOUCNx.el-la:'jsa

6uny 0,5-0,8 mm, 6imy 0,9-1,2 mm, 61my 0,7-1,1 MM, ,a rny6Hilly
11a 3y6bSnx HRIC 60, Ila 3y~bmx HRC HRC 58-64 0,5-0,7 MMl,
Hie ChicCl 58-64 (CepAIlelliffa HRC 60-65 (cep

HRC 30-45) tcitemma NRC 35-4

24 25 26 27
CTanh 35X, ima- CTaJmb 15XHTA, C-Taith 40X, sa. GTaJ~b 25xf',

im~po~aallIC Ha rAy- itemeH~lUITISI Hla my- KAJIXl T. 13 '1. Ha IIIiTpOIIChMCITaULHA

MAIOx 11oA 8Topyu HRC 58-64, (cep~. 2,0 MM, H RC 56- 62 (),8-1,1 MM,,

iiepCAatty URC GO- tiesima IIRC 25- (cCPAuIemillla ,iiRC 60-65 (ceq

bb (OCTBalbHoc 35) HRG 26-33) IT311 NRC 3Ar

485)32 33 3445 35
CraJib 35X, L!u1,1 CTanb iF.xVHTA, GTa1b 30X1'T, ue CNIIb 25xr

HfillpoI8llic, Ila feMOI'TaWltIl a ray. MCII'raltwfl H3a riy- MIPUIIM115

3y6bsix HRC 58, 611Hy 0,9-1,2 .,,w, 6~imy 0.7-1,1 mm. Ila rilyOHIly

tie smice (ccp~uc. ua Ily~bAX HRC 58-61 0,8-.I,1 MM,

otma NRC 30-45) 11RC 58-64 (ccp)1. NRC 57-60 (cel
Uemma H P IC 2,5- iierimiHa HRC &c

3) 42 45) 4

iImponamine iia rJIy %maCm1ioro iiacoca- 18XI'l, i.ememifa MIoro I,,J1 i

611HY 0,6-1,(0 A4M CTalJb 40X, IHlis Hla l~iraY(l Ina itutr X

Hil 3y~lblix NRC 58, UIRC 28-1.21 BTy 1l,0-1,1 i 4m. 3aXi'Mo HIC)iC

1le mCiiee (CePAUC KII ItiICTCPCII nczio. NRC 57-62 (CCI)A* mel

outHa HRC 30-45 mioro ow-cvarn. tenfi~a HRC 30 noami H igurotmr

I1H11. HI1lnw U-.ni)- I-5XO IICMCliTauiis 4W- 5~r
cTR ,ia RC 55) Ila rily6ltity 0.5.-

1,0 mm, NRC 56-62 Iv: rpoIy\CIu;tt 0,
0,7 r~ri,~i 0, 6
6,7 44m, HRXCA
65 xiC 257-Gu

25Xrrf
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Key for Table 47: 1. Designation of component; 2. ZAZ-965-
(Zaporozhets); 3 "Moskvich-407", "'oskvich-408"; 4. CAZ-21
"Volga"; 5. GAZ-51; 6. GAZ-53; 7. MAZ-200; 8. ZIL-164;
9. ZIL-130; 10. Drive shaft'; 11. Steel 35KH, casehardened
to a depth of 0.2-0.4 mm, on teeth, HRC 56 (remainder HRC 48);
12. Steel 35KH, casehardened to a depth of 0.2-0.4 mm, on
teeth, HRC 56 (remainder HRC 48); 13. Steel 35KH, casehardened
to a depth of not less than 0.18 mm, HRC 48-53; 14. Steel 40KH
casehardened to a depth of 0.15-0.18 mm, HRC 48-53; 15. Steel
35KH, casehardened to a depth of 3.5-0.8 mm, teeth HRC 60, not
less; 16. Steel 15KHGNTA, casehardened to a depth of 0.9-1.2 mm,
teeth HRC 58-64 (core PRC 30-45); 17. Steel 30KHGT, case-
hardened to a depth 0.7-1.1 mm, HRC 58-64; 18. Steel 25KHGM,
nitrogen casehardened to a depth of 0.5-0.7 mm, HRC 60-65
(core HRIW 35-4 (illegible)); 19. Driven shaft; 20. Ditto;
21. Strf.el 40KH, collar under bearing HRC 56 (induction
tempered), remainder HB 269-302; 22. Ditto; 23. Ditto;
24. Steel 35KH, casehardened to a depth 0.6-1.0 mm, collar
under second gear HRC 60-65 (the remainder 48-55); 25. Steel
15KHGNTA, casehardened to a depth 1.0-1.3 mm, HRC 58-64,
(core, HRC 25-35); 26. Steel 40KH, induction tempered to a
depth of 1.5-2.0 mm, HRC 56-62 (core HRC 28-33); 27. Steel
25KHG (illegible) nitrogen casehardened to a depth of 0.8-1.1 mm,
HRC 60-65 (core HRC 35-45); 28. Transmission shaft (gear block);
29. Steel 35KH, casehardened to a depth 0.2-0.4 mm, teeth HRC
56 (remainder HRC 48); 30. Steel 40KHz casehardened to a depth
of not less than 0.18 mm HRC 48-53; 31. 'Ditto; 32. Steel
35KH, casehardened, teeth HRC 58, not less than (core HRC 30-45);
33. Steel 15KHGNTA, casehardened to a depth 0.9-1.2 mm,
teec;h HRC 58-64 (core HRC 25-35); 34. Steel 30KHGT, case-
hardened to a depth of 0.7-1.1 mm, HRC 58-64; 35. Steel
25KHG, nitrogen casehardened to a depth of 0.8-1.1 mm, HRC
57-60 (core HRC 35-45); 36. Gears; 37. Gears of the fourth
gear, drive--- steel 12KHN3A, casehardened to a depth 1.0-1.1 mm;
HRC 56. Remaining reduction gear box--- steel 35KH, case-
hardened, teeth HRC 56 (remainder HRC 48); 38. Ditto, axle
of the gear box--- steel 40KH, HRC 58; 39. Ditto; 40. Ditto;
41. Steel 35KH, casehardened to a depth of 0.6-1.0 nun; teeth
HRC 58, not less (core HRC 30-45, slotted holes HRC 55);
42. Ditto, oil pump gears--- steel 40KH, HRC 28-32; gear forks
of the driven shaft--- steel 15KHF, casehardened to a depth of
0.5-1.0 mm, HRC 56-62; 43. Steel 30KHGT or 18KHGT, case-
hardened to a depth of 1.0-1.1 mm. HRC 57-62 (core HRC 30-45);
44. Gears of the driven shaft and reverse block (illegible)
25KHGM; gears of the transmission shaft and reverse 25KHGT;
nitrogen casehardened to a depth of 0. --- 0.7 mm, HRC 60-65
for 25KHGM HRC 57-60 25KHGT.

1. Hardness of casehardened and cyanided surfaces is given
after hardening and low-temperature tempering.
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TABLE 48. MATERIAL OF THE BASIC COMPONENTrS OF
REAR AXLES OF AUTOMOBILES

Ac"alell 2 IaiwpO~nc t %locki,Iiji.4t1 48 mloAa' 5
11 2 13 14

Koilislec~ile Grant, 12X113A Cuami. 2,0X I IA, Craim 2oXF1M. tciweiur~imil'
WCCTC p IIII n Wlt IT.X uehicn ii l~hC IMii11 ~Ilt~ a Ila rji y6lily 1, 2- 1,5 um,
triiaimort iawisi lia rniyrnimy ro'y61niy 0,8- iI[?C 58-65 (eab~a 11 u'rlilt

ncpeAaqii* 0,7-1,() .it, 1,0,4.4, JIRC 58- HRC 28-43) .~ m~ uOM 1.1 e Cp
IIRC 58-f63 (cet)A 65 (CepAUCIIIIIIJ filt C-raJb 2OXHM itur 2,5:'.PA

ltwti IRC 26) VRC V-38) (twaimp~aintle, NRC 48-. 'l

20 21 22 23 24
flw~yocit CTaJlb 4OXIIMA. CTantb 40, Ciallb 35XI1C, CTanb 3.i~rc,

118 302-341, titls If1?C 48-58 (U, i. XaI 35-40 V.' 388-44.
Hit ioa Cajilbiiwi KdJKa T. 1). q.)
HRC 48 (3aKanlKi
T. D. ti.). flajici
12X113A, tIRC 58

30 31 32 33 34
noxiyoceil .tiemeinausw l ia rnsy- iltaimtjoiarnte I120XHMi, UiaH Czhd1, i

6itiiy 0,7-1,0 ALVIla rj iizy5itiy ae rawsisi Ila rjly6it rny~6tiii
IIRC 58-63 rhsecuc-. 0,2 AIM, fly 0,9-1.2 mAf~ 0,0-I ,2 A:..

SIBCPAOCTb tia- NRC 58 (wjitubi 1IRr 8 -62
allJlbillit~a IJRC 30-45) (wnsiJlubi

39 40 41 42 IIRC 30-14Et
CaTC~AHTI`17 CTJusb 12XI11A, r'o me~ Vo a(e To m4

Ilitattilpouatlice Ila
rjiy6mity tic ietice
0,2 Mwt, IIRC 56
(CC PAILelltimaIRC2b)

48 49 50 51
6.iulKII 3itA Ba.'sKa-CManb Kowyxi' no- Ko%',xi oniY
IICIL) NOCTa, 10 tiurn 08 JlV-CIt-CTaJnb Kap-tep 3, A Ier

tco0 y Xa" 15 KpUIsiiP Ka KII(. j
loonycclt KapTepa 33aflitte(/113 121- 4)

SIOCT11- cians
30. Kepxyp S8A-
leli'o MOM~

565 585 60
- 1pecrointiiw Cram. 40X, (.T8J~b 40X, CCZAb2OXHAI. CUM-~ 20 ,\ -i Ai

huntI L)cb NRC 28-35. Kouim NRC 56-62 (3w L1CteIIrawsR,# itetcc'.rawn h Ha
CaM1111111t01. lIRC W6-65 (33- Ka;.Ixa T. ui. il.) INRC 58, tie &se- rjfl(Jiity .2-
atIItf4)UpQI KaJIKa T. B. 4t.) Hee 1 .5 MM, IVIY 58,

utia.'la wi me~ee
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Table 48, con't.

6 A3.5i rASb3 8 AMA34'll 10 9 SllJl.( 1. 10 .tllJ.Iso

CTa.lIb 101H CTaJ]n. 2X I I A, Cra~nb ,iOXHA Craab claimb 30Xi
wi 1I1 IM ,e 11C~ell raullp IaJIII 12X1-13A. 12X I 13A lulIVIC~HraUIlfl

Mecu 'lauWi H;. rjiyltiiiy 1,5- uchien raimlI Ha 30X1-1, eMCllra I ,U-1,
r~ny6Hiiy 1,5- 1, AIM, rniy6Hiay tmii na rilyfuly NRC r8-
1I AIM, NR58- 11RC 58-66 1,0-1,5 AIM, 1,1-1,5 MAI, (CCp)AltCBilna

63 (pe3LUa It p)00a ItI liIAJllb 11RC :-8-64 HRC 58-64 11RC 26-.40)

-13) 2526 IRC 21t-40) 28 29
Cramh 3OXrC Craqrb 40, si- Ci~in CTaJlb 40X.1 CTanrb 451

HA ^UXrCA, KaK1T. 0. q., sxrCA (38xrC, NB 370-425 11IC566-62
NRC 46-52 IIRC.42, He me- IOXhMIA), KallKa T. D.

iice (rmy6miia 11B W8-444. 1-1111 CTi
cAoii 4 Hg.w) ClbeMHWrI F,"a- i oxrTP,

w-nj cTdJib 40. 110?C 50-55
35 Wfil 2-1 1-2e, 3

rjiy6Hmy G.9-1,2.AUI, URC 58. 111111 12Xl13, imn XWff tte. nel.tenr quits,
lie mellee CCNICHId~UIii Ha hICHT31UIIH fl4 1111C W6-

c~ny6nn y ~ iy6Hny 1,2- (cpuemal03lat
1,0-1,5 AMM, 1,5 AMM 11RC '0-45)
HRC 58-62 iIRC 56-62

TO WU 1'0 MecTajft, isxirr, C0m 23
110101lT.'11l1111 Ilk 11111 25X I
rny61miy 1,0- uemeH I SLml':,
1,5 MM, 11RC %6-
11kG 56~-6., (Ccp;diusalH;1

52 53 54 PAI X-4

oClI-crain, b IS apicip, nan- IBan~a- 13,,JIwa K.Isph- Ga& a
MOCTa 11 Kpbtlll- jI'i it cIjoaiicL- ciani., 40 J1 Ko pa -Ktl 35 101 pa-cran,
K 4 35-10 L'Ta~lb 40. IKpuu m+yxii lloJyooll- I it) Ow-cmra, I py614 Ili

Ka 6arnKII 3ajAsc. cram, 45, 45. 11RC 48-raý QClI-C-. Srb 4
1'0 macia - 11RC 52 (laKIJus- (JaK,'lAKa 1 0 [LantIN 68AJK
ClIH~qb 08 K11, Kk T. 11 '.) 'i.). Kap rel. V1 ajn I
JllICTOjUaR rjiaiutial flepc~,- 1113 M-I-2

q-1* K( I A. lo

61 I62 /11~ 16-149. 64
CTaJnb 20X, imucesramllm na C-a,hn 18Xrf G~dld,3X1 1. CT8anl 18)

rJny6IH~y 0,9-1,5 AIM, l-RC .58. am, 12X I 13A, lceimllraulll Huht emellalis
He meltee I&.AICHTWLUIH it ny6mly i.L- jly6llIH)

A 1.0- 1.5 M.1 1),8-1.2
AMM. HN!" 56--4i2 WfRC 56-62

NRC 58-64 imui
c13AL, HiwfPA,
HRC 5&-6W
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Key for Tzl'-le 48: 1. Designation of components; 2. ZAZ-965
"Zaporozhets"; 3. "Moscovich-407", "Moskvich-408"; 4. GAZ-21
"Volga"; 5. GAZ-69; 6. GAZ-51; 7. GAZ-53; 8. MAZ-200;
9. ZIL-164; 10. ZIL-130; 11. Bevel gears of the main
transmission*; 12. Steel 12KHN3A or 18KHGT, casehardened to a
depth of 0.7-1.0 mm, HRC 58-63 (core HRC 26); 13. Steel 20KHNM,
casehardened to a depth of 0.8-1.0 mm, NIRC 58-65 (core HRC
lo-38); 14. Steel 20KHNM, casehardened to a depth 1.2-1.5 mm,
HRC 58-65 (thread and groove HRC 28-43); 15. Steel 20KHNM or
15NM, casehardened to a depth of 1.5-1.8 mm, HRC 58-63 (thread
and groove HRC 28-43); 16. Steel 20KHNM, casehardened to a
depth of 1.5-1.8 mm, HRC 58-66 (thread and grooves HRC 28-40);
17. Steel 30KHGT or 12KHN3A, =asehardened to a depth of 1.0-1.5
nmm, HRC 58-64 (core HRC 26-40); 18. Steel 12KHN3A or 30KHGT,
casehardened to a depth of 1.1-1.5 amm, HRC 58-64; 19. Steel
ý0KH-- , casehardened to a depth of 1.0-1.5, HRC 58- (core
HRC 26-40); 20. Differential axles; 21. Steel 40KHNMA,
HB 302-341, neck under collar HRC 48 (induction tempering)
pins 12KHN3A, HRC 58; 22. Steel 40, HRC 48-58 (induction
tempering); 23. Steel 35KHGS, HRC 35-40; 24. Steel 35KHGS,
HB 388-444; 25. Steel 30KHGS or 30KHGSA, HRC 46-52;
26. Steel 40, induction tempering, HRC 42, not less than
(depth of layer 4mm); 27. Steel 38KHGSA (38KHGS, 40JIINMA),
HB 388-444. Removable flange steel 40 NB 241-285; 28. Steel
40KH, HB 370-425;' 29. Steel 45-- HRC 56-62 (induction tempering)
or steel 40KHGTR, HRC 50-55; 30. Gears of the differential
axle; 31. Steel 12KHN3A, casehardened to a depth of 0.7-1.0
mm, HRC 58-63; 32. Steel 18KHGT, cyanid.d to a depth of not
less than 0.2 mm, hardness of the file; 33. Steel 20KHNM,
casehardened to a depth of 0.9-1.2 umm, hRC 58 (threads HRC
30-45); 34. Steel 20KHGR casehardened to a depth of 0.9-1.2 num,
IRC 58-62 (threads kHRC 30-45); 35. Steel 20KHNM, case-
hardened to a depth of 0.9-1.2 mm, HRC 58, not less than;
36. Steel 18KHGT or 12KHN3A, casehardened to - depth of 1.0-1.5
mm, HRC 58-62; 37. Steel i8KHGT or 30KHGT, casehardened to
a depth of 1.2-1.5 mm, HRC 56-62; 38. Steel 18KH-- , case-
hardened, HRC 56-- (core HRC 30-45); 39. Planet pinion;
40. Steel 12KHN3, cyanided to a depth of not less than 0.2 mm,
HRC 56 (core HRC 26); 41. Ditto; 42. Ditto; 43. Ditto;
44. Ditto; 45. Ditto; 46. Steel 18 KHGT, casehardened
to a depth 1.0-1.5 mm, NRC 56-62; 47. Steel 25X'I1 or 25KH
casehardened, HRC 58-- (core NRC 35-45); 48. Bar of the rea"
axlL, housing** of the differential axles; 49. Bar--- steel 10
or 08; 50. Housing of differential axles--- steel 45. Cover
the crankcase of the rear axle--- steel 30. Crankcase of the
rear axle KCH 310-10; 51. Fousing of differential axles---
steel 45 Crankcase of rea.: axLe and cover ot the crankcase
KCH 35-10 HB 121-149; 52. CI.YnKcase, pins and flanges---
steel 40. Cover of bar of re:.z axle--- steel 08kp, sheet;
53. Bar--- steel 40L; hot-stngs of niffer.ntial axles--- steel 45,
IRC 52 (induction tempering,; 54. "ar o% tlz 7ranht.ase----
KClI 35-10. Pipes--- steel 4t5, NkC 48-5f " duct on t,-ring).



Key for Table 48, con't,

Crankcase of the maLL transmission KCH 35-10, HB 121-149;
55. -------. Pipes of the differential axles--- steel
pins of the bar--- steel HB 270-320; 56. Cross piece or
axle of the planetary differential; 57. Steel 40KH, HRC 28-35,
ends HRC 56-65 (induction tempering); 58. Steel 40KH, HRC
56-62 (induction tempering); 59. Steel 20KHNM, casehardened,
HRC 58, not less than; 60. Steel 20KHNM, casehardened to a depth
of 1.2,1.5 mm, HRC 58, not less than; 61. Steel 20KH, case-
hardened to a deptb of 0.9-1.5 mm, HRC ", not less than;
62. Steel 18KHGT or 12KHN3A, casehardeneu to a depth of 1.0-
1.5 nun, HRC 58-64 or steel NIPRA, HRC 58-63; 63. Steel
18KHGT, casehardened to a depth of 1.0-1.5 amm, HRC 56-62;
64. Steel 18K1T-- casehardened to a depth of 0.8-1.2, HRC
56-62.

* Hardness of .asc!hardened and cyanided components is given
after hardening and low-temperature tempering.

** Crankcase of the main transmission of all brands of
automobiles is cast from forged cast iron.

*** Cylinder drive gear from the same steel, driven--- from
steel 55 PP, HRC 58-63 (induction tempering), core HRC 30-45.

fPart of this table is illegible.)

1
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TABLE 49.. MATERIALS OF BASIC COM4PONENTS OF
C`60AN TRANSMISSIONS

Ilankleriopiiiiw 3A3-9j65 I Mocm,,,-,A07., rA3 21
Dc rauefl .1anopo.:ei 3.Moc~nH'I4O$08 4 flonra- J A3-09

12 13 14 15 16
Kap~avuiic Chi. Ta6Jl. -11, ('-ý:-; 20, CT~ahb 15 C-rap'b 15

Da~lh 11oJnocH 118 80-90
23 24 25 26 27

KpCCTO(llllI Cra.rib 20XJ CTanI, 010X, CTanb 20X, CTan:, 2)
lkaia ~ eMnratnn, IReueITaIJ.f, I1,01ellTau1i$, lje~j~eljaUHSR,
1URC 57-65 111C 57-65 l-RC 57-65 IIRC 57-61,

34 35 36 37 38
1 ICHAIIOAB~l'sbI CTa.~b 35, Cra~b 40,11 Tahi, 40,1 C~rauu 4('

13111KII (riplICIcPi.118JI 255-302 118 207-255 1BC 207-25 JIB W07-253
oncMtle K T tV6CI
1IJll cmonopý*;
MULICHS)

45 46 47 ' 48
CKO~ib~ntwRE CTa.,b 35X, CTanh 30X: CTaJnb ~

61=11 erf~aIfRC 45 iIICflKdi IRC 48, uiefia lIRC e,
(3~aKaAK r. 13. q.) ocraJnbIoc ocra~blioC

118 277-321 118 277-321

55 56 57
III Jmicciimi iia* - - CTaJ1I 40X. CTqAb 40\

K~lktllllK:'118 269-302 118 269-3()2
(11TYAKII)

64 65 613 67

14A118 255-302 118 207-255 H8 207-235
74

73Klp0Iull~tliZ..l - - AJ14 I11. 70 -

oflophi Iposc-1
)lKVTO'l~lOro oamIiaI

8o 31 82 I 3
C;neLkujcpsjqCC. [ LaCimi nojly. CocuIItllfe~lb 0olb)F1lLluls

Klic OI C l~ 11,011 u~a l1~, ~0.C1
12XtI3A, itemev- C-a.Xi b 40, io'inoro xapJ]aa
TaUIISI l IRC 58; 11131 207-255, ioro VIna a- -
CYX.a~b IIO.lbh XISOZT01311H n )l CTanJh 30).
113-CT,:AJb 20X1 1, NICMYT04il0Cu 118 255-302
uslahimpo¶Ju'll, Ild.10 a -
lIRC 56--60 c ramt .ox,l

118 207-258
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Table 49, con't.

~A3*53 i 3Hj- 164A JIIl!. 13P NiA3.200 A.5

17 18 19 20 21 22
CTaA6 15 Cmi~b 1.5 CTaJ~b 20 CraJ~b 'd) Cram,b 10 cnanb 15

28 29 30 31j 32 33
Crajib 20X, CTajrm 20X, CrTJn1, CTaJ~b C1,1,11 CrAju, 20X,

LC M CliTaWII, tICNIcIITau.',, I8XTr, ac. i8xTr, tic a8xr11 mit itchICItTawRim
HRC 57-65 t]RC 57 -65 mCI:T311115, NIcNIawIII, 12X HJA, Ile- IIRC 57-65

dRC 58 -61

39 40 41 I 42 113 44
GTaJ~b 4( Cralb 40, CTanb ý35,1 CISA6 '35, CT;]Jlb 40,1 Cramr, 40,

118 207-255 1 1B 207-255 118. 207-241l11B 207-241 111 217-2551118 217-255

49 50 51 52 53 54
Grailb 40, Cram1b 40, CTa'Jlb 45, CTjjiJb 45, To we Cra.~I, 30X,

OTbCPCTIIB n1o~j 111B 255-285, l1IC 12-5C 11B 207-24 1, 1i!CiKIn
Cmaxan (1K~w- IIIAIii,.! III `I1'AKaJ1X 11l611(a I1kC 48. fie
T. D. ti.), HIC 45, IIICIIl~a r. B it ), I11RC 42-56 %fellec,
fie sicice, HRC 42-50 CepaucBitiIa (1aKaJIKa 0o'IaIIuIOC
OCTabI~OC !1/B i07-241 r u. It.) 1113 277-321
11B 229-268

158 59 60 61 62 63
CTa~nb 40, sa Ci ajib 40X, C~anb 40X, Craii, 40N, Crdjlb ION CTa.b11 -1OX

1( 1.8Kxa T. bi. 'i.. 111 255-285 1113 255-28: 111B 235-285 ii:mi -15N. 11B 269-~302
I1?C 401-45 lII.C 43- 55"

I.

4r,,l -45
9 

. Cr.1 TIi (T,1.11, -10,1 CianL 35,
1/1,3170-229 1/fB '55,87 111B 2,07-22 1111I1; eI7-255l113B 207-255

75 76 77 78 79 1
K(ý' 35.-30 CTanb 081, i CrlAib 26 C1 Wit~, ~C IN' 3 )- 10. -

1113 121- 149 AlCT1'Crord MIuCTo 1Aa 111icroua ll 11113 121- 1491841 85 1 86
XIIOCTOBI!K Pv1aciopiiasii

% ~n)ONM.KyOI()7111 ItTy,1l(d Ihu;-
iro uznna it coCA!- IlhumhhK')B mtyI rai-
11111C.;iIhIfl MNJ 11O I~ Ylo TC WI - 1111 I.,- 2I¶
ra - cTaA6 40, lioro taia- 1;2!-20
qf1C 45-55 cMAI, 45, xflo. 101111hx

11.101a flpumemy-
1IRC 45-,r6 imauorn ita

C. I (3a11(:Ka Ci Ta~ib
T7 1. q.) 4OX,

11b 229-: 69
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Key for Table 49: 1. Designation of components; 2. ZAZ-965;
"Zaporozhets"; 3. "Moskvich-407", "Moskvich-408"; 4. (AZ-21
"Volga"; 5. GAZ-69; 6. GAZ-51; 7; GAZ-53A; 8. ZIL-!64A;
9. ZIL-130; 10. MAZ-200; 11. UAZ-451; 12. Cardan shafts;
13. See Table 48, differential axles; 14. Steel 20, HB 80-90;
15. Steel 15; 16. Steel 15; 17. Steel 15; 18. Steel 15;
19. Steel 20; 20. Steel 20; 21. Steel 20; 22. Steel 15;
23. Cardan cross head; 24. Steel 20KH, casehardened, HRC 57-65;
25. Steel 20KH, casehardened, HRC 57-65; 26. Steel 20KH, case-
hardened, HRC 57-65; 27. Steel 20KH, casehardened, HRC 57-65;
28. Steal 20KH, casehardened, HRC 57-65; 29. Steel 20KH, case-
hardened, HRC 57-65; 30. Steel 18KHTG, casehardened, HRC
60-65; 31. Steel 18KHTG, casehardened, HRC 60-65; 32. Steel
18KHGT or l2KHN3A, casehardened, HRC 58-64; 33. Steel 20KH,
casehardened, HRC 57-65; 34. Fixed forks (welded to pipe or
locked); 35; Steel 35, HB 255-302; 36. Steel 40, HB 207-255;
37. Steel 40, HB 207-255; 38. Steel 40, HB 207-255; 39. Steel
40, HB, 207-255; 40. Steel 40, HB 207-255; 41. Steel 35,
HB, 207-241; 42. Steel 35, HB 207-241; 43. Steel 40, HB
217-255; 44. Steel 40, HB 217-255; 45. Sliding forks;
46, Steel 35KH, collars HRC 45 (induction tempering);
47. Steel 30KM, collar HRC 48, remainder HB 277-321; 48. Steel
30P, codlar RHC 48, the remainder RB 277-321: 49. Steel 40,
sockets under linings (induction tempering) HRC 45, not less
than, the remainder HB 229-zb8; 50. Steel 40, NB 255-285,
threads and collar HRC 42-56; 51. Steel 45, HRC 42-56 (induction
tempering), core HB 207-241; 52. Steel 45, HB 207-241, collar
HRC 42-56 (induction tempering); 53. Ditto; 54. Stzel 30KH,
collars HRC 48-, not less than, remainder HB 277-321; 55. Slotted
tips (hubs); 56. Steel 40KH, HB 269-302; 57. Steel 40KH,
HB 269-302; 58. Steel 40, induction tempering, HRC 40-45;
59. Steel 40KH, HB 255-285; 60. Steel 40KH, HB 255-285;
61. Steel 40KH, HB 255-285; 62. Steel 40KH or 45G2, HRC
43-55; 63. Steel ., HB 269-302; 64. Forks-flanges;
65. Steel 35, HB 255-302; 66. Steel 35, HB 207-255; 67.
Steel 35, HB 207-255; 68. Steel 45, HB 170-229; 69. Steel 45,
HB 255-285; 70. Steel 35, HB 207-241; 71. Steel 40, HB 217-255;
72. Steel 35, HB 207-255; 73. Knuckle bearings of connecting
shaft; 74. AL4 HB 70; 75. KZB 35-10,HB 121-149; 76. Steel 08kp,
sheet; 77. Steel 20, sheet; 78. Steel 20, sheet; 79. KCH
35-10 HB 121-149; 80. Specifics; 81. Differential axle pins---
steel 12KHN3A casehardened HRC 58; Block pins;
steel 20KHN, cyanidation HUC 50-60; 82. Coupling box--- steel 40
HE 207-255; rear end nt rhe connecting shaft--- steel 40KH,
NB 207-258; 83. Slidin,, fork of the connecting Cardan shaft---
steel 30KM, HB 255-302; 1:V, Rear end of the connecting shaft and
coupling box--- steel 40, '4,C 45-55; 35. Thrust bearings of
connecting shaft--- steel .i, collar HRC 45-56 (induction
tempering); 86. Coupling box--- sleel 40, HB 221-269; rear end
of connecting shaft--- steel 40K0, 1i 229-269.
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TABLE 50. MATERIAL OF BASIC COMPONENTS OF THE
STEERING GEARS 1

3AZ3.9(1,5 *'MaCu;,' 407 (A 1-21
.~emjie' I Jnop..'v,. *MOCK '.408,

10 11 12 13
L4CPnrn CTan1b 2OXHiM, CTaqb 20X1hl, Ctai~b 35X.U.

LteMeHTawm,, IcmeiITOU~RA, &e~iraWI H 11C
IJRC 56 HR1C 58 (tifcx- 45-52

wi -40*40X,
118 217-255)

19 20 21 22
Ban~ pyzicooro CTahlb 20 GTaJqb 20 CTanb 35

28 2$ 309 - -%3
B8.1 pyrw.,oi C-,aqb 3OX, Ulecl- G-..:b -J, -. C, pi.:.~

CoWKII Kil H11C 45, (3aKan- Kuu 111C 45, OCT8J~b* i uHR11C 45, ocvm
Ka T. o. q.), oCl aJb- tioe 118 269-321 Huie 1113 M6-321
noe 118 269-321

37 32) 39 40
PyJic~an cowKa Cranub 40X, CTaJnb 35x, c~arn. 4"

11B 217-229 118 217-255 118 217-255

Ob46 47
Obpornitca oajna -- CTaJab 40

cotjx'u IRC 32-38

Poeudi cown. 77t68001 17% iKu. 6767J I
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Tabl.e 50, can't.

WA36t A - 61(A3 N) ii*'1Ib4 AA3.200
-5 16 A. 1 7

1415 1.6 17 18
CTa~lb MA, GTaib Ij'X, Cranim 35X, Cian, Cfm1

LICMeUiTaLUI1, mI~iLimp~lonamic. uOimelTaLumS, 12X [3A, Liuit 12X I13A. &Ie.ý

IIRC 45-52 HRC 45-52. HRC 45-52 11i1ponatme, melimawn,
CraJnb 38X, IIRC 45-52 tI1RC 58-64

twiIIpoi~alile,

HRC 45-52

23 24 25 26 27
CTfinb 35 CTanib 30 AII, CrdAj 35 Gra.~b .30 Cum~i, 45,

35 1113 2,11-269

32 33 - 34 35 36

C7 ar. '.)X. CfPJIb 40X. Cr,,j 30X, Cmant 40X, (T,-

H-RC 45-50 OCMMlIiOC

41 42 43445
CT...b 40X. CTaA[,l '10 C1JhI Ca.I 30N.I Cianb 4)X, ionhl 40X,

IB 1-17.-255 3t)X 1/B 217- 11Pl 1217-255 k~eii
255 118 1158b~ UB,41-") 1)

48 49 50
CTaJqb 40,1 - C Ian b 20N Cr,4lb 15 X ,

IO~l11fllI~s dJn15 IM , Ca it. b Cta b C I.C

55 56 '59

676701 LWICHeIldUlflh, 12X1 13A, tic- 12X1 13A. tiv- Pýi2\jI I~e
IlC -15-52 iIJII MCIITBUII1, moti taun, %Wit W,11.it,

20X21 14A, URC .10-62 IIRC 116-62~ IJRC .')8-%-4
. IRC 56-60
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Key for Table 50: 1. Designation of components; 2. ZAZ-965
"Zaporozhets"; 3. "Moskvich-407", "Moskvich-408"; 4. GAZ-21
"Volga"; 5. GAZ-69; 6. GAZ-51; 7. GAZ-53; 8. ZIL-164;
9. MAZ-200; 10. Worm; 11. Steel 20KHNM, casehardened, HRC 56;
12. Steel 20KHYhT, casehardened, HRC 58 ("Moskvich-407"--- 40KH,
HB 217-255); 13. Steel 35KH, casehardened, HRC 45-52; 14. Steel
35KH, casehardened, HRC 45-52; 15. Steel 35KH, cyanidation,
HRC 45-52. Steel 38KH, cyanidation, HRC 45-52; 16. Steel 35KH,
casehardened, HRC 45-52; 17. Steel 12KHN3A, cyanidation, HRC
45-52; 18. Steel 12KHN3A, casehardened, HRC 58-64; 19. Steering
shaft; 20. Steel 20; 21. Steel 20; 22. Steel 35; 23. Steel
35; 24. Steel 30 br 35. 25. Steel 35. 26. Steel 30.
27. Steel 45, HB 241-269. 28.- Pitman arm shaft; 29. Steel 30KH,
collars, HRC 457 (induction tempering), the remainder HB 269-321;
30. Steel 30KH, collars HRC 45, the remainder HB 269-321;
31. Steel 30KH, collars HRC 45, the remainder IB 269-321;
32. Steel 30KH, collars HRC 45, the remainder HB 269-321;
33. Steel 40KH, HRC 45-58 (induction tempering) or 30KH, HRC
45-50; 34. Steel 30KH, slots HRC 45, cylindrical Part HRC
40, remainder, HB 269-321; 35. Steel 40KH, temper hardening,
HB 270-300; 36. Steel 12KHN3A, casehardened, HRC 58-64;
37. ?itman arm; 38. Steel 40KH, HB 217-229; 39. Steel 35KH,
HB 217-255; 40. Steel 40, HB 217-255; 41. Steel 401H, HB
217-255; 42. Steel 40 or 30KH, HB 217-255; 43. Steel 30KH,
HB 217-255; 44. Steel 40KH, temper hardening, HB 255-285;
45. Steel 40KH, temper hardening, HB 241-269; 46. Pitman
arm axle; 47. Steel 40, HRC 32-38; 48. Steel 40, HRC 32-38;
49. Steel 20KH, casehardness, hardness of the file; 50. Steel
15KH, casehardened, HRC 56-62; 51. Roller shaft of pitman arm;
52. Bearing 77o 8001'; 53. Bearing 1796 TSKB; 54. Bearing
676701; 55. Bearing 676701; 56. Steel 15NM, casehardened,
HRC 45-52 or 20KH2N4A, HRC 56-60; 57. Steel 12KHN3A, case-
hardened, HRC 56-62; 58. Steel 12KHN3A, casehardened, HRC
56-62; 59. Steel 12KHN3A, casehardened, HRC 58-64.

1. Crankcases of steering mechanisms of all brands of
automobiles are made from forged cast iron KCH 35-10. The
material of the parts of the steering gear of automobiles
ZIL-130 and Ural-375 are shown in Table 55. Hardness of
casehardened and cyanided components is shown after hardening
and low-temperature tempering.
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TABLE 51.. MATERIAL OF BASIC COM4PONENTS OF FRAMES
OF SOVIET TRUCKS

i~aIML'loIJiIi 13'P,\JI.37ý MA3- 200

fjpooJlOJbIIIe ISM- CT11.3b 30T, Cmagi, 21CII-b CTI'aln ý2 ,j g

KtiSFIOT 12r,2A$) 23 Kit C'arnb 25, 19X -C
pi 20 21 g22

Uiyep'ificp ~ u 20, 20 ujii CTaflb 2 C'.b 3 R

38 40 2.e~n

ByKC1upillufl uKpkoi, CTarnb 35, C17Jib 40, 118 24!- CT3."b 40,
111 24) 1-285 26S 1113 266-340

4346 47 4,
OCb 331I1VAR1I C-,aJib 45 .33lILCJII~a-CTa.Jlb 45 hemat

uuua6yncuiporu CTaJnb A 12
flp uuipa

lKPIO; 6yKCllupllo CT3111b 50, Crama 40OX, Waoluin CTajib 45
ro ripit~opa UPRC 'iO-50 (3,1- 3Oi13-3Xdjunic T. I '4.

I(flIKfl T. a. q.), una r~iy6imuy 8-14 mm,
te ;jujeauuua 118 ccpaucouuua 11B 262-
20 -241 293)

59 $0o 61
flpymmuia 6yuh CT!Jlb ").Cr, CTIa::b 5SCI'

cuupulouo rupiu6.op.l l1RC 38-45 IIRC 38.--45
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Table 51, con't.

.NA320 A3 45! IA3.51 I 'A3.53 &I.'!. 164A

14 15 1.6 17 18
CTI)III I4XrC. CTaulb 25 CTaJnb A'5 CTaJqb 25un CTIJm, 30

ioxrc
23 24 25 9612

Cranb Mign C-rahlb 20, CmaIz, 08, Cram., OSKII,. Cra.iR8,
CTMj~ 089~n Mrau 23 Cram. 25, CMAI, ciami 20, Cram,

32 33 34 2rC 35 IM 36
CT. 3 Cia~b 08 Granqb 25 CTaJqb 25 Gramb 20

41 42 43 U4
Cra~lb 40, CTa~s 35, - Cram, 40, Cramb 35,

118 286-340 H18 228--256 HID 156-217 1IIB 2,,1-

49 50
flaieU BiJiii 3ýI1Lcnx 10aXpO - CýTJlZ.j 45

KH- CTaJ~b 40, Ka-Ktl 35-.10,
111W 30-35 113 169, tie

56 57 5
Bimimn dYK- - CTraab 45, 3fl. - Cran. 45, 5a.

4011 1/8 341-444, lIAIC 45, iiC 6o-
OC~anlbIoe ,?CC, OCTa~l~dioe
H18 156 11Bi 163-197

62 63
- Cra;tb 651' -Cr.'.j, 7or,
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Key for Table 51: 1. Designation of components; 2. ZIL-130;
3. Ural-375; 4. MAZ-200; 5. MAZ-205; 6. UAZ-451; 7. GAZ-
51; 8. GAZ-53; 9. ZIL-164A; 10. Lengthwise bars; 11.
Steel 30T, 15GYUT, 12G2AF; 12. Steel 25, steel 25 kp; 13. Steel
25, kp, steel 25 19KHGS; 14. Steel 14KHGS, 19KHGS; 15. Steel
25; 16. Steel 25; 17. Steel 25kp; 18. Steel 30; 19.
Crossheads; 20. Steel 20, steel 08 (No. 2), steel 14G2; 21. Steel
25; 22. Steel 20 kp; 23. Steel 20 kp; 24. Steel 20, steel 08 kp;
25. Steel 08, steel 25; 26. Steel 08kp, steel 25, steel 12GS;
27. Steel 08, steel 20, steel 14G2; 28. Bumper; 29. Steel 20;
30. Steel 20, steel 10, steel 65G (rear); 31. St. 3; 32, St. 3;
33. Steel 08; 34. Steel 25; 35. Steel 25; 36. Steel 20;
37. Towing hook; 38. Steel 35, HB 241-285; 39. Steel 40, HB
241-285; 40. Steel 40, HB 286-340; 41. Steel 40, HB 286-340;
42. Steel 35, HB 228-286; 43. Steel 40, HB 156-217;
44. Steel 35, HB 241-285; 45. Axle of the catch of the towing
gear equipment hook; 46. Steel 45; 47. Catch--- steel 45;
48. Pins of the catch--- steel A12; 49. Pins of the fork---
steel 40, HRC 30-35; 50. Catch of the hook--- KCH 35-10, HB
169, not more than; 51. Steel 45; 52. Hook of towing equipment;
53. Steel 50, HRC 30-50 (induction tempering), core HB 207-241;
54. Steel 40KH, working zone--- induction tempering to a depth
of 8-14 mm, core HB 262-293;: 55. Steel 45; 56. Towing fork---
steel 40L; 57. Steel 45, tempered part HB 341-444, remainder
HB 156; 58. Steel 45, tempered zone HRC 45, not more than,
remainder HB 163-197; 59. Spring of towing equipment;
60. Steel 55SG, HRC 38-45; 61. Steel 55SG HRC 38-45;
62. Steel 65G HRC 38-45; 63. Steel 70G, HRC 38-45.
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TABLE 52. MATERIAL OF BASIC COMPONENTS OF SUSPENSION
OF SOVIET TRUCKS

flil llllelIOlonallIle'r\ 1 ;,3-bJ

Aeflrinefl I-"" 
" '

9 32

I'eccopiwe CTA.,I 10oXF, ,il, 5iiX ..C)..il 2.5C2, saie.-'
• ")1 HB 363-415 HD 363-415 III CIb r0 ,-i

17 18 3 -4J4
sle.'!¢Op)ilwe CTa nlh 45, IIRC 55, CTam,4, 11RC 55,, Ol l, 4Z), /1RC 32,

raabutz i.c helce (3axa A•i.p nie me:;ee (3aXa.Ka ie MIence (3aMamaI
1 o0. 4.) 1 .T, 1 .. ) T. a ,,)

CT.liuIRIIei CTatb 45 2. CTa.b 45 27 Cran. .OX, 28
peccop 25 j11B 210--27U

1(- 311A t ~-i3 - MA3.200 Y'pa41375

13 14 s15 16
(';,). 55C72 C1'am 60C:', CTNI b 60C2, C razi (U0C2A

1I11 163-444 Wt ,,63-,141 I11B 363-444 lIB Q63-444

21 22 23 24
Ceirab 45. CTa.,, 45, C.,jin. 45, GTa'IL, 45,

:RC ...6-62 (3a. 1WRC 56-6? (,•a. HRC r56-62 (3aaxa1Ka 1I C 52--60 (3aiHa.,x
iJUin a r a '4. KanJiK,, T. 8. 4.) r B 1. 1 ,i.)

CraT .1 b .*,OX 2) CI'N 40X, CTDJIb 40X, 31 Cmsqb 40X.32

118 241-ý85 tiB 241-285 H18 321-373 118 i29-285

09

Key: 1. Designation of components; 2. GAZ-51A;
3. GAZ-53; 4. Ural-355M; 5. ZIL-164; 6. ZIL-130;
7. MAZ-200; 8. Ural-375; 9. Leaf springs; 10. Steel
50KHG, lIB 363-415; 11. Steel 50,G, HB 363-415;
12. Steel 55S2; substitute 50KHGA, HB 353-444; 13. Steel
55S2, HB 363-444; 14. Steel 60S2, HB 363-444; 15. Steel
50S2, HB 363-444; 16. Steel 60S2A, HB 363-444;
17. Spring pins; 18. Steel 45, HRC 55, not less than
(induction tempering); 19. Steel 45, HRC 55, not less
than (induction tempering); 20. Steel 45, HRC 52,
not less than (induction temr-ering); 21. Steel 45, HRC
56-62 (induction tempering); 22. Steel 45, HRC 56-62
(induction tempering); 23. Steel 45, HRC 56-62
(induction tempering); 24. Steel 45, HRC 52-60
(induction tempering); 25. Spring spacer; 26. Steel 46;
27. Steel 45; 28. Steel 40YK, IB 210-270; 29. Steel 40KH,
HB 241-285; 30. Steel 40KH, HB 241-285; 31. Steel 4OKH,
HB 321-373; 32. Steel 40KH, HB 229-285.
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TTABLE 53. 14A~TERIAL OF BASIC COMPONENTS OF

SUSPENSION OF SOVIET LIGHT AUTOMOBILES

6 7 8 9
flpyw~ma ',()A- Crafin 60C2A, HRC 45-49, 6OC2A, GO=2

DeCxii npo6etTplyfilaln o6pa6Omia 1I1RC 45-49, UIC 45-C~
APo6eCUPIlyiali APo6Cc~pyriltasI
o6pa6oTKa o6pa6omxa

10 11 12
tWaloahie GT".qut 0 11, RC 0-35. 0uopaiuc 4q11).

na.-..LLI4 A-CpcA. ý(cpa tie ý'metie'e RO 52v (3,- 1i1 ttPYKHrtlbt -

ia1i iODQCio KanhIa T. D '1.) MA3I, 081(11
13 114 15 16 17

G-rolilKl IICPrPn Gr~jih 30X, Cra.,i 40X, CTlJlb 30X, C ra,m. 3oX
aiert noAUCC~ii 11 269-321 lH8 255-302 11B 269-302 11B 2b,5-302

18 19 20 21
Peab0owle Cranb, 35~, ia~ipBid. Cab3,ui

tiaymal~ TUiPflOCTI. 11tariiJib~liti~ tiiipoiia:;HC. ;.I - Millib 20X
11i(CPI)OCTb vla- ilCN4eitTaitll,
rIitjibiiluKa fIRC 56-62

22 23 24 25
Ocit nepxmitx Crajib 35, wiutimponaame, 111W CTaiih 35. un~a. Pimai'ra nlepoA

01,I4dVou tic Nietce 50, ceptAtlemiia HRC oimpoommew, 110Al a1o0RUCCK1-
tie metiee 40 T1BCPA0C-T Hla- CTaJib 30X,

26 27 1`1111btilliKa; Pbtla'- 118 255-2&.5,
OC11 fjtaa{41llX CTaJnb 40X, HR 24 1-286 rti-CTanib 40, ',aitucf nonLnec.

3&jqarou H81 229-269 KH-CTaJM 2.5

28 29 30
Peccopiue CTa.~Ib wOxrA, /11R 363-418. 50XI'k,-

,niICTU jp06QCTpy~imasi o6paftTO HP V18 8-4 15

31 32 33
Pcccopiuv~ CT8.nb 20. utiattMPonauiic. CTUt, 20. ULaI -&

?8C~"WTePAOCTb 1ii111al,1it 1(biKi I iiipo~tilile,
I eD0;jcTb 118-

34 35 ujibtililla

0zpitcse Crajib 65r. IIRC 42-46-

utnerilt'i peccopil
363

CTpeltii'hl' CTanb 3SX, 3IIRC 27-33 - -
peccup

'V', 39 40 41

flo.piit13arO;'a 11/3187, ate do. tiD 130- 160
Acee
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Table 53, coan't.

2 I 3 I -ji inp_,_ cjt*5

42 43 1,4 45
It1o,( aINIPpTII. CT;In, 35, IiRC Hie Miell J8 CTfJIb 40, C]aJlb 40,

3aTopa (3axa~i~ a T. n. '1.) IIRC 50, lie me- IIRC 48, lie me.
lice j uee

46 "7 43
jllTa,;ra CTa- CTami, 60C2A, JiB 363-461 Crain, 60C2A, -

61171113aTOPa IIRC 42-48
49 0 5149 Cram, 35, w.a- Iia.qu COrtCli

lajroou CTlIKI illupO~allie, Cra4rb I0XH,neaeiu MoIM- TBePQzOCTb Ila- HRoC 57--62 (3a-
ifp elhlllb ll H lf Ki< I jH :. T . 11. 1| .) ,

BeCCII cpautenn ua

HB 269-321
52 i53
MMICTRIM - Cra.O50X (PA.

Sopnilla [HRC 40445 p4 55
TYJhi lxpel. -CTvi:lb 3

.nelii TOPCHII01a

Key: 1. Designation of components; 2. "Moskvich-407";
3. "Moskvich-408"; 4. GAZ-21 "Volga"; 5. ZAZ-965 "Zaporozhets";
6. Suspension springs; 7. Steel 60S2A, HRC 45-49, processing
with a hlast of metal shot; 8. 60S2A, HRC 45-49, processed with
a blast of metal shot; 9. 60S2A HRC 45-49, processed with a
blast of metal shot; 10. Front suspension knuckle pins;
11. Steel 40KHN, HRC 30-35, sphere not less than HRC 52
(induction tempering); 12. Spring support pans-- steel
08kp; 13. Front suspension brackets; 14. Steel 30KH, HB
269-321; 15. Steel 40KH, HB 255-302; 16. Steel 30KH, HB
269-302; 17. Steel 30KH, HB 255-302; 18. Threaded sleeves;
19. Steel 35, cyanidation, hardness of the file; 20. Steel 35,
cyanidation, hardness of the file; 21. Bushing of the bracket---
steel 20KH, casehardening HRC 56-62; 22. Axles of overhead
levers; 23. Steel 35, cyanidation HRC not less than 50, core
NRC not less than 40; 24. Steel 35, cyanidation, hardness of
the file; levers--- steel 40, HB 229-269; 25. Levers of front
suspension--- steel 30KH, HB 255-285, rear suspension---
steel 20, sheet; 26. Axles of lower levers; 27. Steel 40KH,
HR 241-286; 28. Leaf springs; 29. Steel 50KHGA, HB 363-418;
processed with a blaet of metal shot; 30. 50KHGA, NB 368-415;
31. Spring pins; 32. Steel 20, cyarnidation, hardness of thd
file; 33. Steel 20, cyanidation, hardness of the file;
34. Special washers of pins of the front cantilever springs;
35. Steel 65G, HRC 42-46; 36. Spring spacers; 37. St-P! 5K511,
HRC 27-33; 38. Piston shock absorbers; 39. SCH 18-36, HB 130-160

K; -113-



Key for Table 53, con't.

40. SCH 18-36, HB 187, not more than; 41. SCH 15-32, HB
130-160; 42. Piston shock absorbers; 43. Steel 35, HRC,
not less than 48 (induction tempering); 44. Steel 40, HRC,
50, not less than; 45. Steel 40, HRC 48, not less than;
46. Stabilizing arm; 47. Steel 60S2A, HB 363-461; 48. Steel
60S2A, HRC 42-48; 49. Threaded pins of the front suspension
wall; 50. Steel 35, cyanidation, hardness of the file; 51.
Bracket pins, steel 40KHN, HRC 57-62 (induction tempering), core
HB 269-321; 52. Torsion plates; 53. Steel 50KFA, HRC
40-44; 54. Hub attaching torsion; 55. Steel 35.

TABLE 54. MATERIAL OF BASIC COMPONENTS OF
FRONT NON-DRIVE AXTLS

P 8'e MIC 111 II| ,1C T• JI',C ' 1" 2 j i"41A. I U

5 6
4 t~a•jni nep•emt:Pi o, C.aIU. 30X. CTru. 45

HB 269-302 1113 241-285
7 I1oWpxot,110 n(a Cnm.ra~, 8 3MX, C ra.•, 9 40X,

11 269--321 fill 24 ;-285
10 ILUKHop tm nonopo vi wx, winý•C = ,u 50, II C r o, h I• x n', 110-

NIXC 57-60 MeTramuh, 1IRC 62--65
13 Putar:: pyaceoro yr;Iaup caim C'rajiw 30 X, 14 Cr:Jlh 15. 40X,1iB 2E6-321 11B 24-2-85
16 [1poto.,niamn py.':eItan -rira C1 -J. b 35 17 Cra.ab 20 13

'19 !loiepeC'1asi pyrean Trra To w=e 200 To )je 21
22 H1 W4Ia 1K0,1 pyUI:U:x Thr (ronoozCi) CTdJ•b 40Jr tim: CTaab '15

45T 23 24

Key: 1. Designation of components; 2. GitZ-53A; 3. ZIL-130;
4. Front axle bear.; 5. Steel 30KH, RB 269-302; 6. Steel 45,
1B 241-285; 7. Knuckle kingpins; 8. Steel 35KH, HB 269-321;
9. Steel 40KH, HB 241-285; 10. Knuckle kingpins;
11. Steel 50, HRC 57-60; 12. Steel 18KHGT, casehrrdened, HRC
62-65; 13. Steering gear levers; 14. Steel 30KH, HB 286-321;
15. Steel 40KH, HB 241-285; 16. Lengthwise steering shaft;
17. Steel 35; 18. Steel 20; 19. Crosswise steering shaft;
20. Ditto; 21. Ditto; 22. Steering shaft heads; 23. Steel
40L or 45L; 24. Steel 45.
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TABLE 55.* lIATERIAL OF BASIC CIOMNENTS OF STEERING
GEAR OF AUTOMbOBILES ZIL-130 AND ZIL-375

IIUIW@IICIC11I1Ho Ae'tlJI'f 3PIJl-130O 2V~A7

4 5 6
Kaprep pynceoro mexamII3* KLI 35-10, NB 121-149 Ktl 35-10, 11B 121-14i,

7D 8 9
Kpiumi~ liapTCP3 pyAnenoro AJ14 .,To we

eahaf 0  11. 12
NeflKA.:bop)MC11b (nopWellb CTarn., 18Xr'T, ROM~c11ra- GraJlb AJ 10B

VHAPOYCHIIJIHeAM4-Y pan.375) auaii un rmn yimy 1,0--
1.4AmM, 11?W 5-G2 (Co PA.
ucautia HRC 30-40)

13 1
LLapiwouan raflxa T we 1

Brnlr pyajisoro yrlpadlMlHI4S Crarnb I~*YT, LtemeH ii CrAnb V.14XH.A '

(qepurnx Y paa-375) tum n a ray6aH~y 1,0- rT81111 0,f, -1,3' AL4
1,4 mmi~, NRC 56-62 HRC 56- 64

18 (ceo~llernmi, 9lRC 30--40) 20
Ban pyanesoro yflpBMCHH%1 OrAqb 20 Cra~ib 40X. NRC 241-

.21 222& 2
Bani-CtbTOP cowKHi Crzabh 18Xrr, uem.ewraS- Cr anhb 182rr, tteCcIlra-

WIH Ha rny6mi4y 1,0- tum~ tia r~ny6imy 0.9-
24 1,4 Huýu, 56-62 1,3 W.W, % C rl"4

Py~neuan coulml Crarnb 40) 11D 24 1-;85 nCTAAi 4 X. R 26-
27 .85

Kocpy 2KJaulalia rHPO 0 15-32021 163-229 C4 1I51?, HB 163-229
JiCIiNi(3JTI.-A I pylor Iy'ipfuI-

30:loTh11H xnanaiia rilaAPO. CT8anb A.X IaemelT03 Cla3Jib I&rT, ieela
ycHAHneilen pyneacro ynpac. wuim 11RC 56-8W UHR, HRC 54-62
AeHHfl -33 34

Kopiiyc HUMOC rmppayem- yry H c ei'u A A 12
AlITCASn pyneuoro pi~p~ameiicu noTY11

K~purulm HUMoc riIAPtJYcII. C11 i5-33S'D I&6.-
,wrnHTi~ pynonoro ynpaimJenlim 229 43

Po-rop Jimoc rnu~poycwimui Cramb I A-13A (ima, MdTCpH8a ACT94lJis~ tin.
TeAHn pyncuoro 5-npau~numip ,oxrii1rp), wiipu coca rTmof NW. aKfI N y

ime ar mID rimu., 0.3- 30Tor~moduiM 314A* 130

Jlcor.aCTb 114COC3 C.tlll,iýs H- 3M. lhi. '1. IIA'C S8-

,eupy~cauro ý t4a;,Pt U *'tw
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Key for Table 55: 1. Designation of components; 2. ZIL-130;
3. Ural-375; 4. Gear case of the steering mechanism; 5. KCH
35-10, HB 121-149; 6. KCH 35-10, HB 121-149; 7. Gear case
cover of steering mechanism; 8. AL4; 9. Ditto; 10. Piston
rod (piston booster--- Ural-375); 11, Steel 18KHGT, casehardened
to a depth of 1.0-1.4 mnm, HRC f6-62 (core HRC 30-40); 12. Steel
ALlOV; 13. Bearing nut; 14. DitLo: 15, Steering gear screw
(worm' Ural-375); 16. Steel 18KHG¶.' casehardened to a depth of
1.0-1.4 mm, HRC 56-62 (core HRC 30.-'40); 17. Steel i2KHN3A,
casehardened 0.9-1.3 mm, HRC 58-64; !$. Steering gear shaft;
19. Steel 20; 20. Steel 40KH, HRC 241-285; 21. Shaft-aection
of pitman arm; 22. Steel 18KHGT, casehatdeLked to a depth of
1.0-1.4 mm, HRC 56-62; 23. Steel 18KHGT, casehardened to a depth
0.9-1.3 mm, HRC 58-64; 24. Pitman arm; 25. Steel 40KH, RB
241-285; 26. Steel 40KH, HRC 225-285; 27. V.lve housing of
the steering mechanism booster (gate valve---- .. ',aI-375);
28. SCH 15-32, HB 163-229; 29. SCH 15-32, Hb M63-229;
30. Gate valve of steering mecharism booster; 31. It-ocl 15KH,
casehardened, HRC 56-60; 32. Steel 18KHGT, casehardened,
HRC 54-62; 33. Pump housing of steering mechanism boos~er"
34. Gray cast iron 12, according co TU, ZIL; 35. Pump ,over
of steering mechan~sm booster; 36. SCH 15-32, 1B 163-229,
37. Pump rotor of the steering mechanism booster; 38. Stee.
12KHN3A (or 20KHGNTR), cyanidation to a depth of 0.3-0.5 mn,
HRC 58-62; 39. Rotary pump of steering mechanism booster;
40. Steel R18, HRC 58-62; 41. Pump stator of steering mechanism
booster; 42. Steel SHKHI5, HRC 60-64; 43. Material of com-
ponents of the pump the same as for automobiles ZIL-130.
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CHAPTER IV. NON-FERROUS METALS AND ALLOYS

Non-ferrous alloys with an aluminum, magnesium, zinc or copper base,
various anti-friction alloys and solders have the widest use in automotive
manufacturing and repair industries.

Non-ferrous metals are used for applying various kinds of coating to
the surfaces of parts and for plating surfaces with the purpose of comn
compensating for abrasion.

The uses of the metals for the purposes mentioned are discussed below
(§2, Chapter V).

Moreover, non-ferrous metals are used for the manufacture and repair
of batteries and electrical wires.

§ 1. Non-ferrous Metals on an Aluminum, Magnesium, or Zinc Base

There are a large number of brands of non-ferrous alloys of various
compositions and purposes. In particular, GOST 4784-65 includes 32 brands
of deformed aluminum alloys, GOST 2685-63 covers 25 brands cf cast alloys
with an aluminum base.

In automobile manufacture, components are primarily made front cast
aluminum, magne.Aum (Table 56) aad zinc alloys.

For making pistons, deformed aluminum alloys are used, primarily
alloy brand AK4. Moreover, deformed alloys brands Bl8P, VJ65 and others,
are used in automobile construction and the repair industry as rivets.

Deformed means those aluminum (or magnesium) alloys frcm which
(sheets, bars, sections, punches) semi-manufactured goods are made by a
method of processing under pressure.

Table 57 gives the chemical composition of the most widely used piston
alloys; in Table 60, other cast alloys used for making automotive components;
and Table 58 shows the properties of these cast alloys.

Semi-finished parts are made from aluminun alloys cast in metal forms
(ingot molds) or in earth. For increasing strength or improving mechanical
workability the cast material is subjected to thermal processing, most
often to artificial aging or tempering with subsequent artificial aging.
In the automotive repair industry in order to do away with cracks and other
defects, the parts of aluminum alloys are welded or surfaced (Chapter V).

Zinc alloys have the greatest advantages when they are fluid in a
melted state. Therefore, they are used for making automotive parts in
complex forms with thin sections by a method of casting unier preszure. As
a result of casting, items are obtained with a pr~cision of dimensions
of grades 3-5 and with cleanliness of the surfaces corresponding to grades
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5-7.

Table 60 shows the chemical composition and basic properties of cast
zinc alloys which are widely used in automobile manufacture for making
parts of carburetors, fuel pumps, brake stops and so forth. Sometimes
zinc alloys are used with small variation in the per cent of content of
specific elements from the quantity shown in Table 59, varying according
to their factory numbers.

Components of zinc alloys are usually not welded or soldered, because
such unions are weak.

For increasing the strength of solder it is recommended that one
nickel-plate the joined surfaces. For soldering one should use an alloy
made up of 82.5% cadmium and 17.5% zinc. Soldering should be done without
flux in a gas reducing flame.

11
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TABLE 56. ALUMINUM AND M4AGNESIUJM ALLOYS MOST

WIDELY USED IN AUTOMOBILE MANUFACTURE

M21PIC CnjlaH8 tIbroTC,amemw.e nei a~iI

I 2

I3 flumpatmc aAI0-'utate&we cfA(10b4 (rocT 2685-63)

It AlI-Si (11 AC,)K 0it 1CeM If 1C 1 WC CIS A'MINi if111)

5 Aj12 6 Kopnycl macnomhlbx ucIIrpiiq~yr, iKopfYcbi #~jlbTp)0l re.f-
KOII OqIIICTKIf

7 A,94 1,I~Tpy6xll 4)y(a1:lelK OXna)]JAClIl11S, tiolinyew 11011111x llae

con, '-'IyChIICii 11)1,010, H ~IlIXII h'jI)TCj)0I3 py~icaoro m~ex

9 AJ[9 0 1*0aO11ihl 1111.1111i11101, 1101)1111111 TOIpMO31IIX 11,ll) iIIEpOhI

1, AjTI9B '4 Ii'JonlliolIt 0:lumiupl)[t, .' yaimn it Kan TIO xarp op06Ai( IN-.fp . .ic rKG I,, ',U~i kNLI O s.;o 6 f,i .,0 1II111ti T PA0 M)41t '.ix

IOlt, H~poll uTel: ii mai nr nni i1010r pioitiara pyneolAX TIpa 11('11.'

14'A 1.15) 5 ini lalyu McN13 695
16 A~A6 7 i\OpliCbli 1 ap6l(.'.t101'O1,S 70oliJ13IlblX 113COCOll If 3P\1dl ypi

1,1 A'101 O N~o:mnI,(i pv'uioro iopmlo.'. nIC,1.3.1 TOpX103a

20) Al nopml .t~'1~0iaC(i, alrp)x)(emwe.A xPowilyc1tiCAIl.
.ic h~JTilluiiac ... : r py6 KI UC IiTHi.'11110111 1C lKdPlC.

Al -Aig
2 3 All 13 t c p inn~ Il.~~t

26 A:., AJF125. AJ13O 25 C!101)111I'C Ia "11ia~cO~il~

~jptit~pi 121'e ]?IM01llew)JL Cflia;bt ([ocr 4784 -65)

)29W ,)KaOCTollK l1it c naffi

~~o3 AM pprnn Id$.14 k,11 11 1111 r

~ ~ 7 'K alil 36 Mg-Al--Zn- Mn
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Key for Table 56: 1. Brand of alloy; 2. Component made from
it; 3. Cast aluminum alloys (GOST 2685-63); 4. Al-Si
(high-silicon silumin); 5. AL2; 6. Housings of oil centri-
fuges, housings of high-purification filters; 7. AL4;
8. Casings of cooling pipes, housings of water pumps,
intake pipes, covers of steering mechanism housings, transmission
housings of light automobiles, clutch housings, cylinder heads
and blocks, engine crankcases and others; 9. AL9; 10. Cylinder
heads, brake cylinder pistons; 11. AL9V; 12. Cylinder heads,
extensions of transmission housings of light automobiles, brake
cylinder pistons, brackets of balance arm of the steering
trapezoid, brackets of the rear view mirror and so forth;
13. Al-Cu-Cu-Mg (low-silicon silumins); 14. AL5; 15. Cylinder
heads MeMZ-695; 16. AL6; 17. Carburetor housings, fuel
pumps and accessories (often zinc alloy); 18. ALlOV;
19. Hand brake shoes, brake pedals; 20. ALI5V; 21. Covers
of the oil pump, non-load brackets, decorative flanges, cas-
ings of ventillator housing, brake shoes (seldom); 22. AL-Mg;
23. ALl3; 24. Decorative covers; 25. Multiple-alloys
(heat-resistant); 26. ALl, AL25, AL30; 27. Pistons of
various engines; 28. Deformed aluminum alloys (COST 4784-65);
29. Heat-resistant alloy; 30. AK4; 31. Pistons of various
engines; 32. Duraluminum; 33. DI8P, V65; 34. Rivets
fastening brake plates; 35. Cast magnesium alloys (GOST
2856-58); 36. Mg-Al-Zn-Mn; 37. ML5; 38. Engine block
MeMZ-695.
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TABLE 57. CHEMICAL COMPOSITION OF HEAT RESISTANT
ALUMINUM ALLOYS USED FOR MAKING AUTOMeBILE ENGINE PISTONS 1

'G E I ' I ._0oo V :

c - Icc)

- Lf - -- -

_ -I

V -"- IV V

00

c2 I

z Lo ul

U -. •

0 00.

V, I

0

cli

[0710,
-11

C4
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Key for Table 57: 1. Brand of alloy; 2. Chemical composition,
-%; 3. Not more than; 4. Hardness after thermal processing
HB; 5. AK4 (GOST 4784-65); 6. Remainder; 7. Alloy number
1 (automobile industry, non-GOST); 8. Ditto; 9. ALl
(GOST 2685-53); 10. AL25 (GOST 2685-53); 11. AL30
(GOST 2685-53).

1. Limited operating temperature of all pistons of alloys is
about 3000C.
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TABLE 58. MECHANICAL, PHYSICAL, TECHNOLOGICAL
AND OPERATIONAL PROPERTIES OF CAST ALUMINUM AND MAGNESIUM

ALLOYS USED IN AU'LOOBILE MANUFACTURE

12 AICXfihIqCcKllV C110flCT113 J"ei'l ~r
hiapha .iman .,, K Y 1111. HB, Almm' rcic~r A wieflH.,

3 ~ 3 nltJ(IH~~Iya~

13 AJ12 14-16 2-3 50 565 0.9
AJ14 20-24 3 70 550 1.0
AJ19 19-21 2-4 50-60 550 1.0

k16 AJ19B 20-22 0,5 60-75 550 1,0

AJF15 16-23 0,5 60-75 535 ,

AJ16 15 1,0 45 53511
AJIIOB 15 - 80-90 535 1,2
AM 15B 20-22 - 80-85 535 1,2
AA 113 15-17 0.5-1 55 447 1,2

AJI 1 18-21 0.5-1 80-95 535 1,3
AJ12-5 19 - 90 540 1,0
AM13

18 W1f5 15 2 50 492 1.2-1,3

CTfl3 8 Texima~or~simcKite w, sl(cnJ~yomoT i mti~ c ciioflci ta

IVAMnCPSTYP3 O6pnaoaruva&c I\OPjtOHOHHaH I fpeAtnbitwe pa~o
flITL. AiOCTb peaaiie~ m ffpffl.O~ IMC~~O Te~tlle,'ATYPIJ.

14 15 I 15
680-720 I'lommiucaizan Xopowan I Xopoilias 200
690-760 17*1 0

690-750) 17 anoi 20)
TeJ~bIasI

i569U-750 a 200
17 17720-750 a YAOUCTDIoPII YAoo3jle7Bop;lncib- 250

720-750 a 18 '225

693-730 a a flouiiweiitan 250

'~' 15 i 15 225
650-700 xopowlan axop~~uian 200)
710-730 XoPozuan L4 r1omI'mel~a 300
680-730 Yj~hn-rroopl1. YA03nooTnopllTC~nb. 200

17leJlbI1aR 17 nlai
690-800 A YRiOBACDP1c~I-

17
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Key for Table 58: 1. Brand of alloy; 2. Mechanical properties;
3. kg (force)/1m 2 ; 4. Physical properties; 5. Melting temperature,
°C; 6. Sheet shrinkage, %; 7. Casting temperature, C;
8. Technological and operational properties; 9. Workability by
cutting; 10. Weldability; 11. Corrosion resistante; 12.
Maximum operating temperature, °C; 13. AL; 14. Decreased;
15. Good; 16. ALV; 17. Satisfactory ; 18. HL.

TABLE 59. CHEMICAL COMPOSITION AND BASIC PROPERTIES
OF ZINC CAST ALLOYS

2 X11MINCO I COM %

1
,AL Q C11 V (i). ilPl (Sn). Cd zn

0_ 3_ S._ 3 3

11 ILAM 4- . 0,0,3- 0,75- 0.2 0.015 0.015 , 1171h. 3 5-4,
0,08 1,25 13uoe

UAM 4 00,()- - 0,2 0,015 0,015 To )Ke 3,5-4,.
(1,08

J ,AM .1-3 t0,02- 2,3-4,5 0,2 0,03 0,015 0 , -5-4.•5
0,10

11AM 10-5" 0,03- 4,0-5.5 0,2 0,03 0,02 * 9,0-12.
0,06 (0,05) (0,01)

tUAM 9.1,5" o,03- I2,-2,0 0,2 0,0, 0.02 8,0-11,0
0 ,0( (0,20) (0,02)

5 6 7 to
S T e l, n1 p a T 'l 0 .1 T ' Hm e p a i ~ y p z, |0 1,' ' ¢ , , . . n a , a e t

, .iAt, n,,i AJC ,.C • . I
I I I I __________

,0jo- AXJ ,Ju-- I ,1 7 .0 2 1 28,7 7 l . nI aeOp ., ,

390-500 190-448 1,17 91 33,3 10 15 ,'1i,• AET3=.1C. C yCTOftil.i B l11 %!d p J 3, I(!ep a .•I

395-500 49 --'148 1,17 100 35 5 6 .^l.m ,icia.1efi w,,coxAf51.7 ;1I),11OCIOtl

395 Oiwuiio 1p. 2,00 100 30 ;,0 1 .s '•e•aT I', C NIT.-M14iM " llMI )ll:l~l.~.lI lolsa

,lAITlbI U IiOK IIJ1lN

410 1,15 95 30 1,5

Key: 1. Brand of alloy; 2. Chemical composition, %;
3. Not more than; 4. Basic properties; 5. Melting temperature,
°C; 6. Temperature of casting under pressure, oC; 7. Shrin age
during solidification, %; 8. Hardness HB; 9. kg (force)/mm;
10. Basic designation; 11. TSAM; 12. Rumainder; 13. Ditto;
14. For parts of average strength; 15. For parts with rigid
dimensions; 16. For high-strength parts; 17. Usually used for

casting in ingot molds; 18. For components with anti-friction

properties.

* COST 7117-54. -124-
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TABLE 60. CHEMICAL COMPOSITION AND THERMAL

PROCESSING OF CAST ALUMINUM AND MAGNESIUM

ALLOYS USED IN AUTOMOBILE MANUFACTURE (BESIDES PISTONS)
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Key for Table 60: 1. Brand of alloy; 2. Chemical couposition,
7%; 3. Not more than; 4. Thermal processingl; 5. AL;
6. Remainder; 7. Annealing; 8. Ditto; 9. Artificial aging
or tempering and artificial aging; 10. Annealing or tempering
and artificial aging or hardening and tempering; 11. ALV;
12. Tempering and incomplete artificial aging; 13. Artificial
aging or tempering and artificial aging or hardening and
tempering; 14. Artificial aging; 15. Tempering and incomplete
artificial aging; 16. ML; 17. Tempering and artificial aging;

I. In automobile manufacture two types of thermal processing
are most widely used: i) artificial aging (process TI) with
heating from T = 175 ± 50C and holding at this temperature 12-15
hours; 2) tempering with subsequent artificial aging (process
T6 ): temperature of tempering = 535 + 5°C, holding at tempering
temperature 4-6 hours, quenching medium--- water, heated to
50-1000C. Then aging at temperature = 175 t 5C with holding
12- 15 hours.

§ 2. Non-ferrous Metals on a Copper Base

Pure copper (GOST 859-66) in automobile manufacture and repair
industries has a limited use. There is wide use of copper-zinc alloys
(brass) tinned and non-tinned (alloy) bronzes.

According to GOST, brass (Table 61) is divided into sheet and
deformed, and the latter in turn, into plain and complex (multi-component).
Moreover, complex brass is divided into tinnpd, manganese-iron and others.

In automobile manufacture and repair industries deformed brass is the
most widely used (Tables 62 and 63).

An increase in the content per cent of copper in brass improves its
plasticity, heat conductivity, electrical conductivity and corrosion
resistance. A percentage increase in the content of zinc improves workability
of the brass by cutting, its life and improves abrasion resistance, and
decreases the cost of the brass. Including lead in the composition of the
brass improves its anti-friction propertL4 es. The presence of tin, manganese,
silicon, or iron in brass improves its strength and facilitates increasing
its anti-corrosion properties. Brass, particularly high-strength brass,
is hard to weld. In practice this method of repairing brass components
is not used in the automotive repair industry.

For repairing components made of brass, soft soldering of the parts of
water and oil radiators, hard soldering of air-, oil- and fuel lines are
widely used.

Data on materials used for soldering automobile parts are presented in
§ 3 of this Chapter. *Table 64 gives the bcsi data on mechanical, physical
and technological properties of automotive brass. One of the basic
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technologicil characteristics of brass, its workability by cutting, is
given in comparison wiLh the workability of brass of brand LS 63-3.

In automoi;ile marrifacture and automotive repair industries tinned
bronze and non-tinned or alloy '5ronzes (Table 65) are used. The tinned is
primarily divided into sheet (Table 66) and deformed (Table 67). Besides
government standard, non standard brands of bronze are used, and also brands
formerly considered vy GOST. Tinned bronzes are the most widely used for
making automotive parts. They are characterized by adequate strength, high
anti-friction properties, corrosion resistance and good heat conductivity.
Deformed tinned bronzPs differ in that thcy have better elastic properties.
An increase in the content of tin in the ýnned bronzes improves its strength
and hardness, but decrease its plasticity and impact strength.

Phosphorus, lead, zinc, nickel are used as alloy additives in tinned
bronze. Zinc and nickel improve the mechanical properties of bronze, but
nickel facilitates a smaller grain and improves the structure of the alloy;
lead and phosphorus improve the anti-friction properties, and moreover, the
workability by cutting (lead) and abrasion resistance (phosphorus). Along
with this, the presence of phosphorus in an amount more than 0.2-0.3% and
lead decreases the mechanical properties of the alloy. With an increase
in the content of zinc welding and soldering of the bronze are easier.

Of the alloy bronzes, the most widely used in automobile manufacture
and repair industries are leaded bronzes, which are distinguished by high
abrasion resistance and Improved tempetature resistance in comparison with
other anti-friction alloys. Leaded brur.zes are used for lining bearing
bushings of crankshafts of automobile and tractor diesel engines.

Silicon bronzes are used for making domestic small-scale springs in
automotive manufacture; they are distinguished by elasticity, strength and
corrosion resistance including operation at high temperatures. Sometimes
beryllium bronzes are used which have especially high mechanical and
technological properties (abrasion resistance, strength, chemical resistence,
elasticity, and a high value of fatigue life).
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-' TABLE 61. CLASSIFICATION OF BRASSES ACCORDING
V. TO CHEMICAL COMPOSITION
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Key for Table 61: 1. Complex (multi-component'); 2. Plain;
3. Nickel; 4. Aluminum, aluminum-iron, aluminum-nickel,
aluminurnin-iron-manganese; 5. manganese, manganese-aluminum;
6. manganese-iron, manganese-lead, manganese-tin-lead;
7. iron-manganese, iron-lead; 8. tin; 9. lead; 10. silicon,
silicon-lead, arsenic; 11. Brands of deformed brasses (COST
15527-70); 12. L; 13. LN; 14. LA; 15. LAZH; 16. IAN;
17. L~ts; 18. LMtsA; 19. LZHMts; 20. LZHS; 21. LO;
22. LS; 23. LSV; 24. LK; 25. LMsh; 26. LAMsh;
27. LOMsh; 28. LANKMts; 29. Brands of cast brasses
(COST 1019-47); 30. LA; 31. LAZH; 32. LAZHMts;
33. LMtsZH; 34. LMtsS; 35. LMteOS; 36. LSL; 37. LKL;
38. LKC.

TABLE 62. COPPER-ZINC ALLOYS (BRASSES) THE
MOST WIDELY USED IN AUTOM4OBILE MANUFACTURE AND

AUTOM1OTIVE REPAIR INDUSTRIES
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Key for Table 62: 1. Brand of alloy; 2. Basic designation,
examples of components manufactured; 3. Deformed brasses
(COST 15527-70); 4. Simple; 5. L63; 6. Generator bushings
and regulator relays, rivets for fastening friction surfaces,
radiator tanks, pipes of condensor radiators and windshield
wipers, fuel tank valves, bars, wires, sheets, pipes; 7. L90;
8. Pipes of the water and oil radiators, gaskets, sheets;
9. L96; 10. Lines of the pneumatic brake systems, tire infla-
tion valves, fuel supply lines, radiators; ii. Complex
(multi-component); 12. LS59-I; 13. Elbows, T-joints, cross-
pieces of pneumatic and fuel systems, push rods of waste gas
carburetors, fuel filter stoppers, nuts of the connecting bolts
of the gas supply, bars, sheets, pipes. wires; 14. LS59-1V;
15. Various jet tubes and stoppers of carburetors; 16. LS74-3;
17. Linings of brake shoes, brackets of pedal shafts, lever
axles of brake stops and so forth; 18. L060-1; L090-1;
19. Welding rod (L060-1), bushings of pitman arm shafts of
GAZ-51, GAZ-69, GAZ-53 (L090-1) automobiles; 20. LMts58-2;
21. Bars for gas soldering of cast iron, bars, bands, wires,
sheets; 22. LZH*ts55-1-1; 23. Ditto; 24. Cast brasses;
25. LIcsZH55-3--l; 26. Housings of radiator stoppers;
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TABLE 63. CHEMICAL COMPOSITION OF BRASSES
MOST WIDELY USED IN AUTOMOBILE MANUFACTURE AND

AUTOMOTIVE REPAIR INDUSTRIES

?4 IP 2 r-v, . . X'- --.,2t ' --

ýt . r 1511 "n) P (511) : ,• ,+( 3

5

4 J103 0- -, ( ()C db I I
(, JIgi 88,0-91,0 D-- 0,05 1 3)
7 , T)6 95,0-97,0 D- 0,(0.3 1,10

JI,59.1 57,0-60,0 P 0,8-1,9 0,5
'1 JIC59-1 B 57,t)- 61,(0 P 0,8--I .9 0,5

1-" jIC7,1-3 72,0-753,0 - 2,,--3,) O, lOX ),q 601) 59.0- l,0 ()I, -1,} . ,3 1,0

AI ' 15t3-2 57,0--0,0 0,-2,0 C 1 1,0
"1 •)1(,\ 59-1-1 57,0-60,0 ),-0,4s #,).2 0.6-1,2z:'-:•..(0,.3- (,7) (0,1I -0, 1)

Si<, ,,.•T%101,;.,-. 53 s,o 3o0, (),, 2 (0, 6) 0,5-1.5
jlog'). 1 66,0--91,0 (0,25-0.75) ;0,05 0,1

Key: 1. Brand of brass; 2. Chemical composition; 7.*;
3. Not more than; 4. L63; 5. Remainder; 6. L90;

7. L96; 8. LS59-l; S. LS59-1V; 10. LS74-3;
11. L060-1; 12. LMts58-2; 13. LZHMts59-1-1;
14. LMtsZH55-3-1; 15. L090-1

* Content of phosphorus for all brasses 0.01-0.02%;

antimonX for brass LZH!,ts59-l-1 and ILtsZH55-3-1. up to
0.01%, for all remaining brands up to 0.005%; bismuth
0.002-0.003%.
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TABLE 64. MECHANICAL, PH.'SICAL AND TECHNOLOGICAL
PROPERTIES OF BRASSES MOST WIDELY USED IN

AUTOMOBILE MANUFACTURE AND AUTOMOTIVE REPAIR INDUSTRIES

A10,' I'3YHI 0

x .0

V JIG( 8,43 905 00 33( 19 11 '15 11 4')
I4 J]10 8,78 1015 418 26 1 53 1.Ui 53 18 .)
15 J.19 8,85 10,'0 15 21 2 •0 137 59 22 2)
10 .1C59-I 8,10 900 65 40 16 15 I .10 90 2,6 8), J7.I-3 h, 70 965 o5 35 4 50 - 60 - 8 I
SJo)).l 8.50 000 56 38 10 '0 - - 7 7 II

I I Jl0)) 1 8,75 I015 52 :,M 15 14l 58 7,5 3)
")rl ,M.58-2 8,40 em{ 70 10 - 15, 115 85 12 2!

21 ,l ,AWY) I-I 8.50 890 70 .15 - 17 1l(A) 88 12 2.-
22 , A ,'K55-3..1 8.50 870 60 45 - - 105 - ? 9 2'

Key: 1. Brand of brasses; 2. Thickness, g/cm3 ; 3. Melting
temperature, 0C; 4. kg (force)/mn2 ; 5. Hard; 6. Soft
(annealed); 7. Hard; 8. Soft; 9. Hard; 10. Soft (annealed);
11. (In a pliant state); 12. Processing by cutting, ...
illegible; 13. L63; 14. L90; 15. L96; 16. LS59-1;
17. LS74-3; 18. L060-1; 19. L090-1; 20. LMts58-2;
21. LZHMts59-i-41; 22. 11LtsZH55-3-1;
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TABLE 65. CLASSIFICATION OF BRONZES
ACCORDING TO CHEMICAL COMPOSITION
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Table 65, con't.
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Key: 1. Type of bronze; 2. COST; 3. Brand of bronze;
4. Designation; 5. Tinned; 61. Cast; 7. COST 613-65;
8. Br. OTSSN 3-7-5-1; Br. OTS 3-12-5; Br. OTSS 5-5-5;
Br. OTSS 4-4-17; Br. OTSS 3, 5-7-5; 9. Manufacture of
hardware and anti-friction components, including automotive,
instead of brands. OTSS 3.5-6-5 OTSS 6-6-3 and others;
10. COST 614-64; 11. Br. OTSSN 3-8-4-1; Br. OTSS 3--13-5;
Br. OTSS 5-6-5; Br. OTSS 4-8-5; 12. Bronzes in ingots
designated for makirng cast material according to COST 613-65;
13. According to former action by COST; 14. Br. OTSS 6-6-3;
Br. OTSS 3,5-6-5; Br. OTSS 6-7-3 and others; 15. OTSS 6-6-3
for kingpin bushings, differential axle washers and others,
OTSS 3.5-6-5 for bearing washers, arm bushings and others;
16. Non-standard; 17. Br. 0 10; Br. OF 10-1; Br. OTS 10-2;
Br. OTS 8-4; Br. ONS 11-4-3; Br. OTSN 5-2-5; Br. OS 8-12;
Br. OS 5-25; Br. OS 10-10; Br. OFN and others; 18. BR. OTS
10-2 for bushings of the connector arm of engine YAAZ-204,
Br. OFN for synchronizer rings, Br. OS 10-10 for bushings of
tractor engines and others; 19. Deformed; 20. COST 500-49
ard 10025-62; 21. Br. OF 6.5-0.15; Br. OF 4-0-2.5; Br. OTS 4-3;
Br. OTSS 4-4-2.5; Br. OF 7-0.2; 22. Br. OTSS 4-4-2.5 is
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Key for Table 65, con't.

widely used for anti-friction automobile bushings; Br. OTS 4-3
for valve springs of fuel pumps and so forth; 23. According to
former action of GOST; 24. Br. OF 6.5-0.4; Br. OTSS 4-4-4;
25. For anti-friction components; 26. Non-tinned (alloy);
27. Aluminum; 28. GOST 493-54; 29. Br. A5; Br. A7; Br.. AZH
9-4; Br. AZH 9-4L; Br. AZHN 10-4-4; Br. AZHN 10-4-4L; Br. AZHN 11-6-6;
Br. AZHS 7-1.5-1.5; Br. AMts 9-2; Br. AMts 9-2L; Br. AMts 10-2;
Br. AZHMts 10-3-1.5; 30. Tapes, bands, bearings, bushings, sheet
casting; 31. Leaded; 32. GOST 493-54; 33. Br. S 30; Br. SN 60-2.5;
34. For bearings of diesel engines (see Table 68); 35. Silicon;
36. GOST 493-54; 37. Br. KMts 3-1; Br. KM 1-3; 38. For
springs of fuel tanks, water hoses and o'hers; 39. Manganese,
Beryllium; 40. GOST 493-54; Al. Br. Mts5; Br. B2; Br.BNT 1.9;
Br. 2 BNT 1.7; 42. Br. Mts 5 for components operating unoer
high temperature; beryllium bronze--- for springs and tape
in instrument building and aviation construction; 43. Aluminum-
iron, chromium, antimony (non-standard); 44. Br. VAZH; Br. VAZHMts;
Br. KH 0.5; Br. KH 1.0; Br. SuN 7-2; 45. Chromium bronze for
electrodes of electro-welding equipment, electric engine commutators;
antimony for bearings, aluminim-iron for shaped casting.
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TABLE 66. CHEMICAL COMPOSITION AND MECHANICAL
PROPERTIES OF TINNED CAST BRONZE, GOST 613-65

2 X1 ,UiqN0i,,, coca,'. C 3 . 3 4,0oilc ,a

MaP8 p nP.bia -j; I JIIJ fITLj% -

Sit Zn PhI) 010'AIM' i. %

6 6P. OLCI 1 3-7-5-1 2,5-4,0 G,0- 9,5 3,0-0, o7 BI KOKIIJb 21 5S-(0.5-2,0)I8 B "3CmIIo 18 8

9 6p. OLIC 3.12-5 2,0--3,518,0-15,0 3,0-6,0 B hOKIIJlb 21 5
1 1 30 ,,l.i1 18 8

Bp. OJC 5-5.5 4,0-6,0 4,0- 6,0 4,0-6,0 B KOHIIJb 18 4
B 3CMJMAo 15 6

Sp. OLC 4-4-17 3,5-5,0 2.0- 6,0 14-20 - -
B IwMT'lO

6p. OU.C 3,5.7-5 3,0-4,5 6,0- 9,5 3,0-6,0 B KOKXIIJb 18 4
1B 3C.,'IIo 15 6

Key: 1. Brand of bronze; 2. Chemical composition1 , 7%;
3. T~pe of casting; 4. Vechanical properties (not less
than)'; 5. kg (force)/mm ; 6. Br. OTSSN; 7. in an ingot
mold; 8. In earth; 9. Br. OTSS.

1. The remainder copper. Acceptable quantity of additive:
antimony for all bronzes up to 0.57%; iron for all bronzes up to 0.4%;
aluminum and silicon for Br. OTSSN 3-7-5-1 and Br. OTS 3-12-5 up
to 0.02; for the remaining brands up to 0.05%; total content of
additive for all bronzes up to 1.37..

2. Hardness for all bronzes--- HB 60, not less than.

-136-



TABLE 67. CHEMICAL COMPOSITION AND MECHANICAL
PROPERTIES OF TINNED DEFORMED BRONZES COST 5017-49 and 10025-62

I 2 Xij~ i.,,xi'I 0 COetf'. 111 C' Alx .11;ncIjc e CDo0HCTO -

hiap~a 6poit3tN imO 1 -
.. ,O11 l

7 rip. 00 6.5-0,15~ 6,0-7,O0 0,1- I ") A111 le 3--45 6~0 -70J 70-900,21 11 I, j' •e 70-8(p 7-.,. , u-zu.u
6p Odd 4-0,25 3,5-4,0 0,2- -- Mi ioe 30-38 ,0-bW5 55-70

0,3 Tite',toe 50-70 6-10 160-170
.4' 1) 1U 4-3 3,5-4,0 - 2,7- MlsirKoc 30-40 35-451 50-70-1 3,3 1 lieptoe 50-60 3- (G 150--170

6iP O1,C,1-.I-2,5 3,0--5,00 -- 3,0-- Mii i joe 30-35 35-45 50-70
(1,5-3 5,0/ T*riepo 55-65 2- 4 130-170

.2 61>. O(1 7.0.2 7,0-8,0 01,10-- - -3 Irias ja, 45 15 130-200
([OCT 0,25 1 pl~eC•mal.. 37 55 lie mtwoe

I4 Wiai 15 70

Key: 1. Brand of bronze according to COST 5017-49; 2. Chemical
compositionl, %; 3. Condition; 4. Mechanical properties;
5. kg (force)/mm2 ; 6. Hardness HB; 7. Br. OF; 8. Soft;
9. Hard; 10. Br. OTS; 11. Br. OTSS; 12. Br. OF GOST;
13. Drawn; 14. Extruded; 15. Not less than.

I. The remainder copper.
2. Acceptable content of additives: bismuth for all bronzes

up to 0.002%; antimony and aluminum for Br. OF 7-02, up to 0.01,
for remaining brands up to 0.002; iron for Br. OF 6.5-0.5 and
Br. OF 4ý0.25 up to 0.02, for the remaining brands up to 0.05%
silicon for Br. OTSS 4-4-2.5 must not be, for Br. OF 7-02 up
to 0.02, for remaining brands up to 0.002; lead for Br. OTSS
4-4-2.5 and Br. OF 7-02 must not be, for remaining up to 0.2;
phosphorus for Br. OF 7-02 up to 0.02, for Br. OTS 4-3 and

Br. OTSS 4-4-2.5 up to 0.03; sulfur for Br. OF 7-0.2 up to
0.02; total content of additives for all brands from 0.1 to
0.2%.

. § 3. Anti-friction Alloys and Solders

Anti-friction alloys (Table 68) are widely used in automobile
manufacture for lining bushings of crankshaft and connecting rod bearings
of the engine crankshaft, bearing bushings of camshafts, connecting rod
bushings of the crankshafts of the compressors and in various other cases.
Sometimes relining of the bushings occurs in automotive repair industries.

At the present time, low-antimony lead alloy SOS 6-6 is primarily
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used in carburetors of automobile engines; it possesses ernecially good
resistance to cyclical deformation and chipping.

For the older brands of carburetors in engines tinned babbit B89 and

B83 are widely used and also lead-antimony babbit BT and others (GOST 1320-55).

Their use as substitutes, especially when repairing bushings of camshafts
of automobile engines, is acceptable at the present time.

For lining bushings of crankshaft and connecting rod bearings of the
crankshafts (Table 69) of diesel automobile engines lead bronze is used,
usually BrS-30.

Besides, for lining bushingo of diesel and carburetor engines in recent
years alloys on an aluminum base (alloy ASS 6-5 and others) are used. Thin
walled bushings primarily lined with leaded bronze or an aluminum alloy have
the most strength, the least tendency to chip, good heat conductivity, high
temperature resistance. Thus, bearings of leaded bronzes can operate
reliably at a temperature up to 3500C.

An inadequacy of these bushings is slightly higher abrasion of the
collar of crankshafts of engines, complicated technology in relining
under automobile repair industry conditions.

Soldering tin-lead and copper-zinc (Tables 70 and 71) is widely done
both in automobile manufacture and in automotive repair industries. Silver
solders (Table 72 and 74) in automotive manufacture and repair industries
are seldom used.

The good properties of silver solders are high mechanical strength,
ductifity, electrical conductivity and corrosion resistance.

Melting temperature of silver solders is 600-9000C.

They are used most often for soldering critical connections of
electrical instruments and electrical wires, the soldering of plates of
hard alloys to housings of tool clamps and other instruments. Table 73
shows the composition of fluxes for soldering tinned, copper-zinc,
aluminum-copper-silicon and silver solders.
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TABLE 63. CHEMICAL COMPOSITION OF ANTI-FRICTION
ALLOYS USED FOR LINING BUSHINGS OF CONNECTING ROD

AND CRANKSHAFT BEARINGS OF ENGINE CRANKSHAFTS

1 2 OC3DI~lx:acaf
lrpyn.8a (,njlauom , MapKia caii- Sn (S,) Sb (CA, c.u 6d (Ag

5 B•a MltT W o onoun c e, 6 589 OCT .Mb- 7,25--8,25 2,5- 3,5 -
rOCT 1320-55 71oc

683 10-12 5,5-6,5

8 Ba66Hm'i COHiUOBOCypb- 9 516 15-17 15-17 1,5-2,0
MSHChIC. MaJooa1oDiIII-
CTue, rOCT 1320-55 bG 5-6 14-16 2,5-3,0 1,75-

2,25
B11 9-11 13-15 1,5-2,0 1,25-

1,75
51 9-11 V.-16 0,7-1,1 -

10 la66nTb comon.oo..1 BKA - '0,8•_!. ,' . .
tmaubtemue, roa' 1209-59

5K2 1,5-2,5 (0,35-0,55) (0,25- 0,04-
0,50) 0,09)

12 AianocypbN1 iHnCmifl 1A COC 1-6 5,5-6,5 5,5-6,5 - -
CDIIIILoBLI cnnau

14 Ammmmwiou•e cm ,ll A.ibiyei•c, (I,0)- - 7.0-9,0 -
41A v 1,25)

AM \iwn - 5,0-6,0 - Ao 0,5)
ACC 6.5

ACM - 3,0-5.0 - (0,3-0,7)

16 Cominoonclbwe 6poP.,17•,1-- -- OCranb
I'OCT 493-54 itoe

5 p Cil 60.2,.5

18 Amoiumieaw cuwap 1 31e03-965 (1,0-1,6) ,0-1,4 (0,25-
0,50)
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Table 68, con't.

-COCTAO, % - ____-______ 4 ticfcH.%. 6onwi*

Nj( As)~ Pb ~ AI 17 7-1 NJ S1i S

___ __ _ _ iT 1 F o ,

- - - ,0,08 0,10 ,03 - -

0,35 0,05 -
- - - ._0,10 - -.

-- OcTab- - - 0,30 0,15 - -
11C 0, 10 --

(0,6- 1,0) -.... . .

0,75-1,25 ' - - 0,30 - - -

(0,5-0,()
Te o,05-0,20 It.... . .

-- ) ,Ub--U,ZU -... . .

-- - '7OcTaCTJ,,1Oe o10 1,0 ... .

-- 4,0-5,0 : - - - -, -

- 27-33 - 0,25 0, 1 O, 0,3 ( .3
- - 0,5 0, 02 (,

2,25-2,75 57-63 - 01.25 - - (., (1-i

20 7-- - 0,03

141111 1 1,0 OcI .awaoc 0,4 1Mn-0. 33 - -

-4,5-154
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Key for Table 68: 1. Group of alloys; 2. Brand of alloy;
3. Basic chemical composition, %; 4. Additives, ; not more
than; 5. Babbits tinned, GOST 1320-55; 6. B89; B83;
7. Remainder; 8. Babbits lead-antimony, low-tin, GOST 1320-55;
9. B16; B6; BN; BT; 10. Babbits lead-calcium, GOST 1209-59;
11. BKA; BK2; 12. Low-antimony lead alloy; 13. SOS 6-6;
14. Aluminum alloys; 15. Alcusin "D"; AM or ASS 6-5; ASH;
16. Leaded bronzes, GOST 493-54; 17. 71 S-30; BR SN 60-2.5;
18. Aluminum alloy; 19. MeMZ-965; 20. Zinc.

TABLE 69. ANTI-FRICTION ALLOYS USED FOR LINING THE
THIN WALLED BEARING BUSHES OF CRANKSHAFTS

I Mla•)d cojia b AA; 3aO•llJKII bhndA•Il•6,t 11OA

M3MA.407. Me,\3.965 Al-20 FA3-21 -311J120 A351
2 M3MA-103 3 4 16 5 1 201 7 351916 17 18 19

14 COC 6-6 AA•,,M tiireL', I;B33, [I, COC 6-6 coc (;.6, COC (o-6,
15 6 i1' a up. 183, 131 iti G3J, bT it

MO3O lip. Ap.

qIlIlIlllI,+Or IsOI'IPItJ .010 USJ1.. LUIICd IV,*'h

31U I~~9 JHJ.375 10 IA3 t/il IIA35 12 51A.3201 13 1MIi.32.

2oc ().G 2O 60 (coC V, COP9 6.1 lip (ý3i 1J. C.i0
(C b ~ACM C

Key: 1. Brand of alloy for lining bushings under bearings
of crankshafts of engines; 2. MZMA-407*, MZMA-408; 3. MeMZ-
965; 4. M20; 5. GAZ-21; 6. ZIL-120; 7. GAZ-51; 8. ZIL-
130***; 9. ZIL-375; 10. GAZ-66; 11. GAZ-53; 12. YAAZ-
204; 13. YAMZ-236; 14. SOS 6-6; 15. Aluminum alloy MeMZ**;
16. B83, BN, BT and others; 17. SOS 6-6; 18. SOS 6-6, B83,
BT and others; 19. SOS 6-6, B83, BT and others; 20. SOS 6-6;
21. Br S-30 ASH.

• The basic thin walled bushing of crankshafts and bushings of
the camshaft is taped with a thickness 1.45-2.50 mm, made from steel
08, 20, or 35.

•* Connecting rod bushings are lined with leaded bronze Br s-30.
• ** The engines of new brands, in particular ZIL-130, ZIL-375

and GAZ-53, use a trn-metal bearing, which has between the babbit and
the steel tape a layer of -eramic-metal (GAZ-53) or copper-nickel
(ZIL-130, ZIL-375).
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TABLE 70. CHEMICAL COMPOSITION OF
TIN-LEAD AND COPPER-ZINC SOLDERS

I pylinu flpilI.ol ' 1 aaPK I ,,pli mlCu

4 O4 omiII~micToculiw.tt. 5 110C -1.6 3.- ,. 5-6 -
ubie (%mrK1e), FOCI [(J0C 18 17-18 2-2,5 -

1499-54" [1OC 30 29-30 1,5-2,0 -
riOc 40 39-40 1.5-2,0
[l0C 50 49-50 8 11le 6oice 0,8 -
HIOC 01 59-61 le 6o.tee 0,8 -

HOC 90 89-90 He 6o.Ree 0,15 -

6 hieJiutntt01one 7 FNHIR 36 - -^ 4-33
('raep'aue). FOCT 7rlMl[ 48 - - 46-50
1534-- 42 [IMAl 54 - - 52-58

Key: 1. Groups of solders1 ; 2. Brand of solders; 3. Chemical
composition2 , %; 4. Tin-lead (soft), GOST 1499-54*; 5. POS;
6. Copper-zinc (hard) GOST 1534-42; 7. PMTS;

1. Tin-lead solder comes in ingots, large and trihedral bars,
wire, tape and pipe, filled with flux (rosin). Copper-zinc solder
comes in two types of grain groups: A- size of grain from 0.2-3 mm
and B- size of grain from 3-5 nam.

2. For tin-lead solders--- the rest is lead. An acceptable
quantity of additive: bismuth up to 0.1%; arsenic up to 0.05;.
iron, sulfur, zinc and aluminum bp to 0.02 for all brands; nick~el
for the first fotur brands up to 0.08, for the remaining brands,
up to 0.02; copper for the first three brands up to 0.15, for
POS 90 up to 0.08, for the remaining brands up to 0.107.; for copper-
zinc solder--- the remainder is zinc. For PMTS 36 an acceptable
quantity of iron is up to 0.1, lead up to 0.5%.

* From 1971 on introduced under GOST 1499-70.

1
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TABLE 71. PROPERTIES AND AREAS OF USE
IN MACHINE BUILDING AND AUTOMOTIVE REPAIR INDUSTRIES

OF TIN-LEAD AND COPPER-ZINC SOLDERS

__ _ _ _ _ __ I '> 6-
II 41 tn r "it, 4 '3 5 ___________________

I lOG 4.6 265 5,8 14 10,71 9 11'1$1 1ialiXl 11COTISCTCT~flC1IIIL4X

flOG is 277 2.8 10,5 10,2 '-,l 1imii ii .;iciohyO.3o

mw~x ciailjIo1isj~om 6.i16011ra wit

1,0(1 30 256 3,3 10,1 9,0 , 11.'ln 10H 11.) pKII I;IIMOIOD. T0111-

1.1 ""o , "o, I1x ()

.% ilw 6awi , i. yXmi cmm o isici .To

11OC 410 235 3,2 13,7 9,3 141.14 ii 1111 4110haiP011, [On-
:111110) -11 b03,\'XO11plo11;jO11, 113ro0

11OC 59 209) 3,6 14,9 8,9 iii~l111 .'y)KCIJeIlIII 13 4.V1ieLIKI1o13

I OC 61 165 - 12,6 8,3 1u1,0.Iil (I1\I.1 ICKloOI)O,
SIi ,P017110110,10ll 11 T Ii ), DO-3

k~ ~ I)XO- It iiiio.moonowlo

% (rOCr 1 .- 42)
15 I IMU. 3 ,) 823 - - 7,7 0 11 0 , 'eT.t.I('I 113 *'Ifly.

ri i 8870 21 1 3 8,2 ;1.ms ii,11111 iC~I, tll.I.w) , 17

IM 51 68 2 111~s

I I ~It 113 cepu)of 11 1I,~00.00 ,11 t'-
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Key for Table 71: 1. Brand of solders; 22. Temperature of
complete melting; 3. (6 , kg (force)/mm ; 4. HB; 5.
Thickness, g/cml; 6. Use; 7. Tin-lead (GOST 1499-54);
8. POS; 9. For soldering non-critical seams; 10. For soldering
and tinning bodies of light automobiles, for tinning bushings
cast from lead babbits; 12. For soldering radiators, fuel-and
air ducts, making anodes for chroming, tinning bushings and
others; 13. For soldering components of electrical equipment
(commutators, electrical conduit and others), air- and fuel ducts;
14. Copper-zinc (GOST 1534-42); 15. PMTS; 16. For soldering
components of brasses containing up to 68% copper; 17. For
soldering copper alloys which contain more than 68% copper;
18. For soldering coppers, bronzes and steels for gas
soldering of components from sulfur and forged cast iron. 1

1. For the purposes shown, one can use alloy and plain
braoses of the following brands as solders: LS59-I, L060-1,
LMts 58-2, LZHMts 59-1-1, L-62, L-68 (GOST 1019-47),
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TABLE 72. CHEMICAL COMPOSITION OF SILVER
SOLDERS (GOST 1890-56)

"2 -1 X ,.,i.ic C O1,,i coc1 a. % "

hMapma npinosi 7. P SAg 27,328, -----) (5iMn) Cd

1' 2 3 4

- I-7~. *) % - -1 -':3 n'Cp 72 71,5--72.5 127,3--28,51

I" 1Ip bO 49,.',-50,5 49,3--50,5 ...

"Cp 70 69,5--70,5 '25,5--266 3,0- 5.0

SICp 65 64,5--05,5 19,5--o,5 13,5-16,0 - --
ilCp 45 44,5--15,5 29,5-30,5 23,5-26,0 ..
IlCp 25 24,7-25,3 39,0-41,0 33,0-36,5 - - -

rICp 12M 11,7-.12,3 51,0-53,0 34,0-37,5 - - -

FlCp 10' 9,7-10,3 52,0-54,0 35,0-38,5 - - -

'lCp 71 4 70,5-71,5 27,0-28,7 - 0,8 -,.2 - _

fI1p 25q 24.5-25 5 9 0-71,0 - '.5-5,5 -
IlCp 15 14,5-15,5 79,2-81,2 - 4,5-5,0 - -

5
nlCp 50Ki 49.5--50,5 15, Q--17, 0 14,0--18,0 - 7,0-19.,0

SI 34 6 7
4 -

flCp 44 43,0-•45,0 26,0-28,0 14,0-18,0 (2,5-3,5j 7,0-9,0 (1,5-

flCp 40 41,0-39,0 16,,1-17,4 16,o,-17,8 - 25,0-2u," (0,1-

l1Cp 37,5 37,0-38,0 47,8-49,8 5,0-6,6 (7,9--f,z) t-
l1Cp 30a 2,5-,-[,b - 0.5--1,5 -- 95--97

"(•i ll~1Cp 62 61,5--62,5 27,0--29,0 - -- , -

IlCp 3 2,7-3,3 - (96,09 .9.. .
i [~~~lCp 2,5 2,2--2,8 -- (91 ,0--93,01 - - € _ -

Iz i" •nc 2,0 1,.--2,3 -- (61.5--64.5, - .,5- . 29.0.-

31,0

llCp 1.5 1,2-1,8 ,82,0-85,0, - - .0-
16,0

Key: 1. Chemical composition, %*; 2. Brand of solder;
3. PSr; 4. F; 5. Kd.

*. An acceptable quantity of addititive for all PSr 72 and
PSr 50 is up to 0.25%, for PSr 71 up to 0.3, for the remaining
brands up to 0.5%; included is lead for the first two brands up to
0.05%, for the remaining six brande up to 0.15, fox PSr 44 up to
0.2%. -145-



TABLE 73. FLUXES FOR SOLDERING TIN-LEAD,
COPPER-ZINC, ALUMINUM AND SILVER SOLDERS

1 i2 3
i-lynou flPimIoc I I pit %Ic~ilnli~e NVN1O~CKII1A COLNz1 4ni0Ca,

4 O.~ou~l:Ilcolj3CL~u-l 5J.12 Ildri~ ACTU.C11 113 P,1- (LUU.1111u1 pdcTbop LllCI,- 100

A' t~uoub1C wa1.x NtaTreplaJAllJ1.1II pact ijop ZnIC12- 7 5,

7 MeA11uow 11iui ~Nj C 8 41,l'i naihi "te1i1i61" CII"jI,-J)b~ 1ý Na 2B4 7)-l10

otirtidit Neathix ciui- Ii Nn.114 7 - F(), O0PI!' 51 hIC.':0

Cl 11110K 113 TlI)VZ)ANX Cll.al3Ol)

l~zJI\lll~eB~~ j nahrfdli( 11tl 1 1 , KFiIJI Nal1-8- 12, 1CI -

11lllempe lle1we -) d~llOillililClJL4 ciIJnaiDoII ZiiI 83-15, KCI -
I 1,1:1l,liot!I 10 W"';j Na M ONCI -

13-20. l3,hC1j-lU-i3. ZnCi,
30-40, K-CI-oca11MOC

16 CCPC6PsiiiuC 17;lng flj7ildhl'1(li 11C ~a! ll~bO-4 7 , KF -un. NaF-53

rIpolvpkwu i~ll it I 130 fi3ce\

1I13lx io)i 2I 1 pe6)e.icni uiý

IC'JI,))l Colfl 10T 1I[J.11ILMOC1 1, 40OP.

1)031111. in~rily.ya, Y1.iui I it

2. Key: 1. Group of solders; 2. Ulse; 3. Chemical composition
of the flux, %.; 4. Tin-lead; 5. For soldering components
of various matarials; 6. Aqueous solution ZnCl2-l00. Aqueous
solution ZnCl2-75, NI14C1-25. Alcoholsolution of rosin-1QO;
7. Copper-zinc; 8. For soldering copper alloys; 9. Sodium-
tetraborate (Na2B407)-lO0; 10. For soldering copper alloys,
cast iron, soldering plates of hard alloyi; 11. Na2B407-50,
Boric acid (83B04)-SO; 12. Aluminum-copper-silicon;
13. For soldering components of aluminum alloys; 14. KF or
NaF-8-12, Li Cl-25-25, ZnC1-, 8-15, KCl- remainder; 15. KF or NaF
-10, NaCl-15-20, BaCl2-10-1ý, ZnCl -30-40, KCl- remainder;
16. Silver; 17. For soldering piates from hard alloys,
electrical conduit and in all cases which require a high

resistance to corrosion, bending, impact and vibrational load;
18. H0B04-57, KF or NaF- 53; K3B04-57, CaF2-43.
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TABLE 74. PROPERTIES OF SILVER SOLDERS

1Cp 7 ;1cpI I701.p W 1, IICp 1 Wl]Cv

5 llIepluaa 779 779- 7305 740 660- 745- 780- 815- 750- 650-
-c•Mmp.'Typ 850 755 725 775 825 850 795 710
qw~tc rax.hqql

3d1]II, *C

l of,, KJI/lA12 30 34 30-3,1130-35 30 2,. 18,5 - 32 -

[.. lorlomlb, ¶,9 9,3 9,8 9,6 9,1 8,7 8,5 8,4 9,8 8,5

90

- - - - - ,I.L flys Ic, O i l- I , ,.
1"PCp II I,, ,I* f[CI' o I, Jh(A 02 2t 1, '

635- 035- 650- 595- 725- 300- 660- 300- 295- 225- 265-
810 650 b60 605 810 323 700 3C5 305 235 270

8,3 9.3 8,9 8,4 8,9 8,7 9,7 11,3 11,0 9,t. 10,4

Key: 1. Ba-ic properLies; 2. PSr. 3. F. 4. Y'd;

5. Interval of teperature of crystallization, 0C;

6. ý"6 kg (force)/mm; 7. Thickness, g/cm3 .
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CHAPTER V. METALS AND MATERIALS USED FOR
RECONDITIONING AUTOMOTIVE PARTS

§ 1. Metals and Materials Used for Reconditioning Automotive Components
by Welding, Surfacing and by Metallic Spraying

Welding and surfacing of materials involve steel welding and fillet wire,
welding bars of various metals, coatings (greasing), fluxes, electrodes,
fuel and shielding gases and calcium carbides.

All the data on welding and filler rods and their coatings is covered in
COST 2246-70 by six brands'of carbon, 30 brands of alloy and 41 brands of
high-alloy wires (Table 77).

Welding wire is intended. for making electrodes for manual arc welding
and fusing of metal components and structures. In the automobile repair
industry certain brands of welding wire are used when reconditioning com-
ponents by mechanical types of fusion.

Inasmuch as high-alloy wire is seldom used when reconditioning compon-
ents, Table 77 shows the chemical composition only of the most widely used
brands. All the brands of carbon welding wire have a wide use in automotive
repair and motor transport industries. Of the alloy wires the most widely
used when reconditioning components are the brands: Sv-08GS, Sv-08G2S,
Sv-12GS, Sv-18KHGS, Sv-18KHMA and others, Of high-alloy--- Sv-12KH13.

Welding wire is made with a diameter from 0.3 to 8.0 mm, designed for
welding(filling) or for making electrodes (E) with or without copper plating
(0), and various smelting. All of these are taken into account in the
conventional designations accepted by COST, For example, the conventional
symbol of wire Sv-08A with a diameter of 3 mm, intended for making
electrodes is: "Wire 3 6"-08A-E, GOST 2246-70.

All trademarks of steel filler rod (Table 75 and 78) are intended for
use in mechanical arc welding. The wire used for making electrodes is
not considered here.

When repairing automotive parts all brands of carbon filler rod
are widely used. Of the alloy and high-alloy batches the most satisfactory
are the following brands: Np-30IIGSA (which replaces the widely known wire
Sv-30KHGSA), Np-2KH14, Np-3KH13, Np-IOG3, Np-Gl3A. COST 10543-63 does not
cover brands of carbon fusing wire with an average content of carbon less
than 0.30% which is explained by the use of welding wire (COST 2246-70)
brands SV-08, SV-IOC1A and others (see below) along with the filler
rod.

Filler rod is made with a diameter from 0.3-3.0 mm. The conventional
symbols of the wire can be deciphered in the following way: Np--- filler
tod, the first symbols are the a.erage content of carbon (if the cinher
has 2 digits or 3--- in hundredths of per cent, if the number has a single
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digit--- in tenths of parts of per cent), more letters correspond to the
accepted symbols of the alloy elements, and numbers placed to the right of
the letters to the average content of these elements in per cent. Greasing
of the electrodes is divided into thin (stabilizing burning of the welding
arc) and thick (high-quality), used for shielding welded seams from the effect
of the air atmosphere, cleaning oxides from the metal, the alloy metals and
also for stabilizing the arc (which is ionized in the air in the space between
electrodes). Electrodes with a thin grease, as a rule, have a chalky coating,
diluted in a sodium silicate solution, thickness 0.2,0.4 mm per side. The
greatest advantage of these electrodes is the simplicity of their manufacture.
Electrodes with thick greasing are mainly used when reconditioning automotive
parts. The most widely used components of the coating of these electrodes
are presented in Table 76.

Electrodes for manual arc welding and filling have a metallic welding rod,
GOST 2246-70, and a coating of grease of various types. Low-carbon steel rod,
brands Sv-08 and Sv-08A, are most often used for reconditioning automotive parts.

The brands of electrodes of general designation for welding of copper and
alloy structural steels and alloy heat-resistant steels are covered in GOST
9467-60 (Table 79). These electrodes with a variety of uses and varied form
in the composition of the coatings are widely used when reconditioning
automotive parts. COST 9467-60 not ottly regulates the mechanical properties
of the metal surfaced, with electrodes enumerated in Table 79, but also
established the type of composition of their coatings (Table 80).

In the symbols for the type of electrodes, the number after the letter
E (see Table 79) characterizes the critical tensile strength of the metal seam,
the letter A at the end of the symbol shows increased ductility and viscosity
of the metal. The full designation of the symbol of the electrodes according
to COST 9467-60 includes the trademark, the type, the diameter and greasing
of the electrode. For example, tuie symbol of the electrode trademark TSM-7,
type E-42 with a diameter of 5.0 nmm with a mining-acid coating is written in
the following way: TSM7-E42-5, o-r, COST 9467-60. Each type of electrode
according to COST 9467-60, depending on the composition of the coating,
corresponds somewhat to the brand of electrode.

Along with general types of electrodes used in reconditioning automotive
parts metal, electrodes are widely used, which are covered by COST 10051-52
for filling surface layers with particular properties (Table 81).
These electrodes have a thick (high-qualit, ) grease and metal bar of alloy
or high-alloy steel.

The full conventional symbol of the electrodes for filling surfaces with
partieular properties includes: the brand of electrode, the type of electrode,
the diameter of the bar, the number of the standard and the transportation
according to COST 9466-60. For example, the conventional designation of an
electrode brand OZN-300, type EN-15G3-25 with a diameter of 5 nu, is written
in the following manner: OZN-300-EN-15G3-25-5.0, COST 10051-62 and COST 9466-60.
COST 9466-60 contains information on the dimensions of the electrodes for
manual welding and fusing (diameter from 1.6-12 mm, length 250-450 mm),
method of testing them, rules for trademarl'ing, storage and transport.
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Materials for manual welding and surfacing of steel components. The
weldability of steel components depends on their content of carbon. In most
cases the components of low-carbon and carbon steels can be welded well,
from average-carbon--- satisfactorily, from high-carbon--- poorly. One
must take into consideration that in automobile manufacture with low-carbon
steel primarily components and junctions are made from thin steel sheets
(cabins, fenders, facings and so forth), the welding of which is difficult
because of the danger of burning through the metal. Welding components of
alloy steels is made difficult because of the fact that the alloying elements
differ in the metal seam, and cause formation of hard to fuse oxides, which
remain on the metal after its cooling, and can result in particular, in self
hardening of the cold metal, varied warm shrinking of the metal seam and
componenet, and brittleness of the metal in a hot state, and as a result of
all this there can occur significant internal stresses, deformation, and
crack formation. Besides this, when welding completely or partially the
thermal processing of the component is destroyed, an occurrence which under
repair conditions is not always possible or economical to remedy.

The main method used in the automotive repair industry for preventing
the difficulties enumerated is the use, when welding and filling, of steel
components of special electrodes and high-quality coating of various
compositions. Besides this, preheating is used and subsequent thermal
processing of the fused or welded components.

Low-carbon components of thin steel sheet are usually welded: by a gas
flame, electrowelding in a reduced procedure in a carbon dioxide atmosphere
or spot welding by a contact method. In all other cases, the steel components
are reconditioned most often by electric arc welding. All the information
about the areas of use of electrodes with high-quality coatings for welding
and surfacing components most widely used in automotive repair steels and
examples of reconditioning by surfacing by these electrodes of particular
automobile components are all presented in Table 82. Table 82 shows the
composition of the coating of these electrodes, and in Table 84 the values
are given of mechanical characteristics of surfaced metal during their use.

Automotive steel components surfaced by electrodes 13KN-LIIVT, T-590,
TSS-l (Sormite no. 1) and 12AN-LIIVT, are not subjected co thermal processing
because when using the first three electrodes the surface layer of the metal
after filling has very good hardness, and when using electrode 12 AN-LIIVT,
the filled layer has an austenite structure and when riveted when making a
component operates very well under abrasion. During surfacing with the electrode
TSS-2 (Sormite no. 2) thefilled component can be tempered, then the surface
hardness in this case is improved up to HRC 56-62. When utilizing other
electrodes thermal processing can be done in all those cases where the
quantity of carbon and alloying elements in the filled metal is sufficient
to obtain tempering.

Materials for manual welding. surfacing and soldering of components from
gray and forged cast iron. Welding and surfacing of automotive parts made
of gray cast iron is done with some difficulties which are explained by the
following causes:
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1. Variation in temperature of melting of cast iron (about 12000C),
which causes ferric oxide to form during welding (melting temperature 1350-
14000C) and silicon oxides (melting temperature about 16000C). Hard to fuse
oxides by obstructing the seams decrease its physical and mechanical
qualities.

2. Cast iron which will be heated to the melting temperature, during
subsequent cooling in the air is chilled, because during this,disintegration
of the iron carbide (cementite) cannot occur on the elements, that is ferrite
and carbon. As a result one obtains a hard, difficult to work seam, which
is characterized by a non-uniform structure.

3. Brittleness of cast iron, which occurs especially when there is the
presence of unequal heating and residual welding stresses in the components
of complex configuraticn. It is e-pecially difficult to weld parts made of
forged cast iron, whose free carbon, on the one hand, burns out during
welding forming a gas, and as a result of this, pores and air bubbles form
in the metal; and on the other hand, when a joined state occurs, chills intensly.

When welding cast iron components both gas (for complex components heated
to a temperature of 600-650 0 C) and electric arc (usually cold) welding are
used. For dissolving hard to melt oxides during gas welding fluxes are used.
Special electrodes and greases are used for cold arc welding. In order to
decrease chilling of the metal during welding components made of gray and
forged cast iron gas, soldering is also used with welding rods of non-ferrous
alloys which have a melting temperature lower than that of cast iron. Types
and brands of electrodes, welding wire and welding rods used for welding,
surfacing and soldering automotive parts made of gray and forged cast iron
are presented in Table 85. Table 86 gives the composition of coatings of
special electrodes for welding cast iron; in Table 87 the chemical
composition of cast iron welding rods is given; and in Table 88, the
components of the most widely used fluxes which are used for gas welding
and surfacing of cast iron components.

Along with oxyacetylene welding ii automotive repair industries, gas
welding using other hot ga-es has received wide use fox reconditioning parts
(Table 89), especially with propane-butane mixtures. Table 90 gives data
on gas cylinders which are used for storage, transport and use of hot gases
and oxygen.

Gas cylinders for acetylene (GOST 5948-51) are filled under pressure
16 kg (force)/cm . These gas cylinders contain a porous mass--- active
carbon and solvent. A 40 liter gas cylinder under pressure 16 kg (force)/cm2

holds 4-5 m3 of acetylene. Often at automobile repair and motor transport
industries, they obtain acetylene using acetylene generators of calcium
carbide as a result of the reaction of the latter with water. Calcium
carbide comes in hermetically sealed steel drums with weights from 50-130 kg.
Obtaining 1 m3 of acetylene requires on the average 4 kg of industrial
calcium carbide (GOST 1460-56). The output of acetylene increases when
the granulation of tne carbide is increased. Oxygen necessary for oxyacetylene
and other types of gas welding comes in gas cylinders with capacity of
40 liters containing under pressure 150 kg (force)/cm2 , 6 m3 of oxygen.
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Industrial oxygen according to GOST 5583-50 can be divided into two types:
batch A with a content of oxygen 99.2% and batch B with a content of oxygen
98.5%.

Materials for manual welding of aluminum alloy components. Welding of
automotive parts made of aluminum alloys has considerable difficulty as a
result of:

low melting temperature of aluminum (6750C) and difficulty in melting
its oxides (about 20500C). Aluminum oxides do not melt during welding;
joining non-melted metal with the material of the component is difficult.
The welding seam or surface seam is obstructed;

easy oxidizability of aluminum and its brittleness in a heated state;

a significant coefficient of heat expansion of aluminum (approximately
twice as large as for steel) and the correspondingly large shrinkage of the
welded seam;

high heat conductivity which causes a large loss of electrical energy
or gas;

constancy of color of the melted metal which makes it difficult to
orient the welding.

In connection with this, the technological processing of welding
aluminum components is distinguished by known complexity. It presupposes
thorough mechanical and a hopefully chemical cleaning of the metal in the
region of the welded seam, preheating of the components to a temperature of
150-250°C and subsequent slow cocling after welding. Welding can be feasible
either with a gas flame or with an electric method with a constant current
and reverse polarity. In the first case it is necessary to use special
fluxes, in the second--- grease.

Preliminary chemical cleaning of the prepared seam can be done with
4 heat (t = 60-650C) in a 5% solution of caustic soda for a period of 8-10

minutes (not more) with subsequent washing of the seam in hot water.
Welding must be done quickly after cleaning (no more than 4-6 hours later).
The wire recommended must be selected close to the chemical composition of
the material being welded (Table 91). The composition of the fluxes for
gas welding of aluminum alloys is presented in Table 92; and the composition
of the coating of the electrodes for arc welding of components of these same
materials is given in Table 93.

Welding of components from aluminum and magnesium alloys by manual and
mechanical methods can also be done without any fluxes and with good
qualitative results in an argon atmosphere (see below).

Materials for reconditioning automotive parts by mechanical (automated
and semi-automated) types of plating of surfaces. When reconditioning
automotive components by mechanical methods of plating of worn out surfaces
the following are most widely used: automated filling with a layer of flux,
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electrical impulse (vibration-arc) surfacing, surfacing In a carbon dioxide
atmosphere, metallizing spray and electric spark plating. During all types
of surfacing and metallizing, bare welding and filler rod (Table 94) with
a diameter of 1.2-1.8 mm, spring wire with a carbon content 0.7-0.87.,
and in certain cases wire of carbon, structural and instrumental steels are
used as surfacing materials.

During automated and semi-automated surfacing of components under a layer
of flux the filled metal must be protected from the harmful effect of an
atmosphere of nitrogen and oxygen. Thanks to this, in comparison with manual
plating, burning out of the carbon, manganese and silicon is significantly
decreased, flatness is improved and the structure of the surfaced metal is
improved.

The fluxes used in connection with the processing method can be divided
into melting and non-melting (ceramic). When repairing automobiles the
most widely used are melting fluxes (Table 95) especially brand AN-348-A
and OSTS-45A (COST 9087-69).

For preventing the formation of pores and cracks when surfacing components
under a layer of flux it is recommended that one utilize preliminary
calcination of the flux for removing moisture from it and also cleaning
rust and oxides from the surfaces of the components to be surfaced, As is
seen in Table 95, scoriaceous, stabilizing heating of the arc and reduction
elements enter into the composition of the melting fluxes.

Fluxes AN-348-A, AN-348-AN, OSTS-45, OSTS-45M, AN-60 and FTS-9 are
intended for surfacing carbon and alloy steels AN-20S, AN-20SM and AN-20P---
for surfacing high-alloy steels; AN-26S, AN-26P, AN-26SP--- for welding heat
resistant steels; AN-8 and AN-22--- for electro-scoriaceous welding.

Alloying of a surfaced layer during automated surfacing under a layer of flux
can occur because of the change in the alloy brands of filler rod or because
of the introduction of additional alloying components (most often 'erro-alloys)
in the usual flux. Brands of electrode wire and the composition of alloy,
melting flux used in repair industries for reconditioning for normal size
worn out crankshaft collars are presented in Table 96.

The flux is prepared by the following method.

Ferrochrome is ground to a powder and put through a sieve with 800-600
openings per 1 cm2 .

The triple mixture made up of flux AN-348-A, ferrochrome no. 6 and
graphite is thonoughly mixed; a sodium silicate solution is added to it and
it is mixed again. Then the mixture is dried in air for 24 hours and fired
in a thermal furnace at a temperature of 450 0 C for 2.5-3 hours. After this,
the caked mass is ground and put through a sieve with nine times the
openings per I cm2 of surface.

Automated filling under a layer of flux reconditions automotive parts

which have an approximate diameter of 40 mm and more made from carbon and
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alloy steels subjected to thermal processing for varied hardness.

Examples of the selection of welding rod for filling automobile parts
teconditioned by automated surfacing under a layer of melting flux are presented
in Table 97.

During electrical impulse (vibration-arc) surfacing as a result of cooling
there is a possibility of obtaining a hard and abrasion resistant surfaced
layer without using alloy wire or flux and without using thermal processing
of the reconditioned part. The consequences of cooling and also discontinuity
of the thermal zone, in the process, affect the depth of the component
during electrical impulse surfacing considerably less than during other surfacing
processes. This permits.using a method for reconditioninR steel components
of small diameter and also components of forged cast iron. The latter,
before surfacing must be preliminarilv turned on a lathe so that the zone of
welding of the basic and surfacing metals, which is characterized by increased
hardness, does not shrink during the mechanical processing of the plated
surface.

During electrical impulse surfacing with an input of cooling liquid,
the surface hardness of the surfaced metal corresponds to HRC 45-58. During
filling of a surface which is not very hard, in particular, male threads,

an input of cooling liquid during the electrical impulse, surfacing is cut off.

The surface hardness of components reconditioned by this mechod
corresponds on the average to HB 240-300.

The brands of electrode wire most frequcitly used for this method of sur-
facing are presented in Table 94; and in Table 99 the composition of the
cooling liquids used.

Examples of the selection of welding and filler rod for reconditioning
by electrical impulse surfacing of specific components of the automobiles are
given in Table 98. Semi-automated and automated surfacing in a protected
atmosphere of carbon dioxide is used in the automotive repair industries
for reconditioning worn out surfaces of automotive parts of average and low
hardness, including electrical impulse fusing for reconditioning worn out
surfaces of threads.

Brands of electrode and filler rod usually used when surfacing in a carbon
dioxide atmosphere are given in Table 94. Basic data on compressed welding
carbon dioxide and on gas cylinders in which it is supplied to the automotive
repair industries are presented in Table 100.

For large size automotive repair industries and specialized surfacing
shops, it is proposed that liquid welding carbon dioxide be delivered in
special cisterns and their utilization be centralized through the entire
factory or shop network. Basic data onindustrial nitrogen, inert gases
argon and helium and also on gas cylinders which are used in transport,
storage and use are presented in Table 100.

In the automotive repair industry, nitrogen can be used during metallized
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spraying for decreasing oxidation of the metal being plated, and also as
a protective atmosphere when welding copper and its alloys. Examples of
this selection of welding rod for sLrfacing in an atmosphere of carbon dioxide
for various automotive parts are given in Table 101.

Argon-arc welding can be done with melting and non-melting (tungsten)
electrodes by hand or by semi-automated and automated methods. Argon-arc
welding can weld parts made of aluminum and magnesium alloys, steel, copper,
brasses and bronzes (transmission housings, cylinder heads and others).
With thickness of the metal uý to 4 nmm one must weld with a tungsten
electrode. During welding an acid film on the surface of the welding bath
can be dissolved by bombarding it with argon ions. The results of using
an inert atmosphere means that the film will not form again. When the
thickness of the metal is greater than 6 mm, a melting electrode of
aluminum alloy is used which guarantees the greatest penetration of the metal.
Helium is used during welding and fusion of aluminum alloy components for
the same purposes as argon.

Plating on the surface of worn out automotive parts by metallization
(spraying) is feasible in automotive repair industries by electric arc,
gas and high frequency methods. Brands of welding rod usually used during
recondition of components by mecallized spraying are given in Table 94.

Electric spark processing is used in automotive repair industries for
processing components and instruments of great hardness, or for strengthening
and plating surfaces of automotive parts with a hard and abrasion-resistant
layer. Thus, for example, when electrospark strengthening ferrochrome, the
micro-hardness of the surface of the strengthened-plated layer reaches
650-700 kg (force)/mn2 whe.a strengthening with alloys T15K6 and VKZ.
900-1000 kg (force)/mm ; and ferroboron, 1100-1200 kg (force)/mm 2 . Electrode
material (of the instrument) which is used during electrospark processing,
depending on the polarity of its switch and the process designated, is
shown in Table 102.
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TABLE 75. HARDNESS OF THE SURFACED METAL DEPENDING
ON THE BRAND OF WELDING ROD (COST 10543-63)
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- - - Ih.5X 111 40-50 III1.I'IJA (220-280)
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Key: 1. Brand of carbon ý;rv,; 2. Hardness of welded metal
HB; 3. Brand of alloy wire; . Hardness of welded metal HRC
(HB); 5. Brand of high-alloy wire; 6. Hardness of welded
metal HRC (HB); 7. Np-30; Np-40; Np-50; Np-65; Np-80; Np-40G;
Np-50G; Np-65G; 8. Np-10G3; Np-3OKHGSA; Np-3OKH3VA; Np-30KH5;
Np-35KH2G2V; Np-40KH3G2VF; Np-SKH1NM; Np-SKHNT; Np-5KHNV; Np-50KHFA;
Np-105IK; 9. Np-2K1114; Np-3KH13; Np-4KH13; Np-45KH4V3F;
Np-45KH2V8T; Np-6OKH3VlOF; Np-KHI5N60; Np-KH2ON8OT; NN-GI3A
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TABLE 76. THE MOST WIDELY USED COMPONENTS OF
ELECTRODE COATING FOR MANUAL ARC WELDING AND FILLING
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Key: 1. Designation and name of components; 2. Gas protected;
3. Sinter protected; 4. Alloy and reduced; 5. Stabilized

combustion arc; 6. Binding; 7. Starch; 8. Feldspar;
9. Silver graphite; 10. Chalk; 11. Sodium silicate solution;
12. Dextrin; 13. Fluorspar; 14. Metallic aluminum; 15. Soda;
16. Deytrin; 17. Nutritive flour; 18. Quartz; 19. Ferro-
silicon; 20. Potash; 21. Xaolin; 22. Sawdust; 23. Marble;
24. Ferromanganese; 25. Titanium dioxide; 26. Starch;
27. Charcoal; 28. Titanium concentrate; 29. Ferrochrome;
30. Barium carbonate; 31. Cellulose; 32. Manganese ore;
33. Ferrotitanium; 34. Sodium .sulfate; 35. Foundry coke;
36. Kaolin; 37. Ferromolybdenum; 38. Dolomite; 39. Thread;
40. Quartz sand; 41. Ferrovanaditim; 42. Marble; 43. Barium
carbonate; 44. Talc; 45. Boron carbide; 46. Rutile;
47. Sawdust; 48. Granite; 49. Iron ore; 50. Magnesite;
51. Marshite; 52. Manganese ore; 53. Bentonite

Annotation. Some components simultaneously will fill several
functions. In particular these are: manganese and titanium ore,
feldspar and fluorspar, graphite, barium carbonate, marble,
Rutile and others.
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TABLE 77. STEEL WELDING ROD (COST 2246-70)
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Table 7Y, can't.
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Key for Table 77: 1. Brand of wire; 2. Chemical composition,
%.; 3. Not more than; 4. Carbon: Sv-08; Sv-08A; Sv-O8GA;
Sv-lOGA; Sv-lOG2; Sv-O8AA; 5. Alloy: Sv-O8GS; Sv-08G2S;
Sv-l2GS; Sv-OBKHG2S; Sv-O8GSMT; Sv-1OGN; Sv-O8KHiNM; Sv-lONMA;
Sv-O8KHN2M; Sv- I5GSTYUTSA; Sv-20GSTYUA; Sv-08Y'.IGSMA; Sv- IOKHN2GI4T;
Sv-O8KHN'2GMTA; Sv-O8KHN2GMYU; Sv-O8KHN2G2SMYU; Sv- I8KMA;
Sv -l8KGS; Sv-O8KHM; Sv-O8MKH; Sv-IOKIIG2SMA; Sv-1ORIIMFr;

Sv-EJ8KIIGSMFA; Sv -OBKHMFA; Sv-08KHI'ffFBA; Sv-O8KH3G2SM;
Sv..I3KH2MFr; Sv-IOKH5M; Sv-Q4KH2MA; Sv-O6N3: 6. High-alloy1 :
Sv-06KH14; Sv-12K1G~3.

1. The table *slows only the most widely used brands of the
41 brands of high-alloy welding rod given in GOST 2246-70.

Annotation. Tho- conventioral symbols of welding rod:
E--- designation for making electrodes; 0--- copper-plated;
sm elted out by electro-s'ag (SH) or vacuum-arc (VD) smelting
or in vacuum-induction furnaces (VI).



TABLE 78. STEEL FILLER ROD FOR MECHANICAL
TYPES OF ELECTRIC ARC SURFACING (GOST 10543-63)

00000000c c ; ; ;c;c;c

vvv v v vv vvv

e~ c;

0 000 00 8-1 o

c;c
00000000

C4 . . .'~

0

L.M ine1
ox
CA.2

-161-



Table 78, con't.
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Key for Table 78: 1. Brand of wire; 2. Chemical composition, %;
3. Not more than; 4. Carbon: Np-30; Np-40; Np- 50; Np- 65;
Np- 80; Np-40G; Np-50G; Np-65G; 5. Alloy: Np-IOG3; Np-3OKHGSA;
Np-30KH3VA; Np-30KH5; Np-35KH2G2V; Np-4OKH3G2VF; Np-5KHNM;
Np-5KHNT; Np-SKHNV; Np-5OKHFA; NP-IO5KH; 6. High-alloy: Np,.2KH14;
Np-3KH13; Np-4KH13; Np-45KH4V3F; Np-45KH2V8FT; Np-6OKH3VIOF;
Np-KHI5V60; Np-KH2ON8OT; Np-G13A.
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Key: 1. Mechanical properties of the surfaced metal; 2. Diameter
of the electrode, mm; 3. Type of electrodes; 4. For low-
carbon and low-alloy steels; 5. For average and low-'lloy steels;
6. For high-strength alloy steels; 7. E; 8. Critical tensile
strength, kg (force)/mmn; 9. Relative elongation, 7;
10. Impact strength, kg (force)m/cm ; 11. Bending angle, 0.
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TABLE 80. TYPES OF COM'POSITIONS OF COATINGSOF ELECTRODES FOR WELDING STRUCTURAL AND HEAT-RESISTANT STEELS (COST 9467-60)
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Key for Table 80: 1. Coating; 2. Conventional designation;
3. Components of the coating; 4. Brands of electrodes;
5. Main advantages; 6. Characteristic inadequacies; 7. Area
of use; 8. Ore-acid; 9. R; 10. Ferromanganese, iron ore,
manganese ore and others; 11. OMM-5, TSM-7, TSM-7S and others;
12. Obtaining flat seams when welding a moderately oxidized
metal; 13. Increased toxicity, loss of metal in burning and
spraying, poor surface hardness; 14. Coating surfaces of
components of low-carbon, non-thermally processed steels, welding
structural or carbon steels; 15. Calcium fluoride; 16. F;
17. Marble, chalk, dolomite, magnesite, fluorspar and others;
18. UONI 13/45; UONI 13/55; UONI 13/65 and others; 19. The
welded metal is not inclined to form crystalline cracks, has
high impact strength; 20. Inclination to form pores when there
is corrosion of the metal and inadequate drying of the electrode
grease; 21. Surfacing of components made of average-carbon,
carbon and alloy steels, normalization or temper hardening;
22. Rutile; 23. T; 24. Rutile mineral (including titanium
dioxide in the base), feldspar, ferromanganese; 25. OZS-4,
OZS-6 and others; 26. Absence of crystalline cracks and pores.
High coefficient of fusion; 27. The same as for R and F,
but to a considerably lesser degree; 28. The same as for F;
29. Organic; 30. 0; 31. Starch, cellulose, sawdust and others;
32. Gas protection of the metal seam from the effect of the
atmosphere of air; 33. Poor hardness and other mechanical
qualities; 34. For welding construction of thin carbon steels.
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TABLE 81. CHEMICAL COMPOSITION OF
METAL ELECTRODES FOR ARC WELDING OF

SURFACE LAYERS OF COMPONENTS WITH BASIC PROPERTIES (GOST 10051-52)

1 ]1 2 3 ~ ,r,,,,, ., ou.r.a,,. '.,."

,M,,Ko meKTpo.'a ln qr-eA ,o8 C , - ' - , -

40311- 300 5 3l.-15F3-25 . -- 2,5 -. . .
t), I~ -, 3, 7

60311-350 1 -I. 18r4.N)o. 16-- ,5-. .

(10311-400 93 -0r. 0,18- 4,0 - -

0,22 4,710 12AH.-1I11'HBT 11 311 YJOr5X7C-25 0o,80- 1,2- 6,0-- -
I,10 5)0 1,8 8,0

12 13K101JIIWIBT 13 :1-'80X4Cr-55 0,70- 0,6- 1,0- 3,5- -.9 , I (0 1 1,5 '1,0
14U 2-I 15 31I.Y30X28C414-.50 2,30-.11o 1,5 2,8- '5.0- (3,0-

50_ 1 4,2 31,0 50
16 U.C-2 DI I-Y18XI5C2112** 1,5- ,o I.i. 1,5- 13,0--!11,3-17 2,0 2,2 17,5 1 2,5)
1 -rT590 1 DII-Y30X25PC2r-60 - *,6 -1 -2,022,0- 0,5-S'3.5 1 1,5 2,5 27,0 I1,5

Key: 1. Brand of electrode; 2. Type of electroda; 3. Chemical
composition, 7.*; 4. OZN-300; 5. EN-15G3-25; 6. OZN-350;
7. EN-18G4-35; 8. OZN-400; 9. EN-20G4-40; 10. 12AN-LIIVT;
11. EN-U10G5KH7S-25; 12. 13KN-LIIVT; 13. EN-80KI14SG-55;
14. TSS-I; 15. EN-U30KH28S4N4-50**; 16. TSS-2;
17. EN-UI8K115S2N2***; 18. T-590; 19. EN-U30KH25RS2G-60.

* The remainder iron.
** GOST 11545-65.

*** Alloy TSS-2 at the present time is not covered by GOST.
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TABLE 82. ELECTRODES WITH HIGH-QUALITY
COATINGS FOR MANUAL WELDING AND FILLING OF STEEL

AUTOMOTIVE COMPONENTS AND CONISTRUCTION
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Key for Table 82: 1. Material of components; 2. Thermal
processing of components; 3. Most widely used brands of
steel; 4. Examples of automotive parts; 5. Brands of electrodes;
6. Low-carbon steel: 7. Carbon; 8. Untreated thermally
or normalized; 9. St. 2; St. 3; Steel 0.8; 10; 20; 25; 12GS
and others; 10. Frame cross members, lengthwise bars (spans),
Cardan covers, pipes of the steering shafts, shock absorber
housings (welding ears); 11. OMA-2; OMM-5; UONI 13/45;
TSM-7; TSN-7S; U-340-55; U-340-105; 12. Carbon or alloy;
13. Casehardening or cyanidation with subsequent hardening
and low-temperature tempering; 14. Steel 20; 20KH; 18KHGT;
25KHGM; 25KHGT" 35KH and others; 15. Fork (working ends),
gear shifting levers (ball bearings), Cardan front drive axles
(race track), driven shafts of the transmission (grooved) and
others; 16. TKKH and TSS-2 (with thermal processing repeated)
12AN-LIIVT (without thermal processing repeated); 17. Average-
carbon steel; 18. Carbon; 19. Untreated thermally or
normalization (HB 207-241); 20. Steel 30; 35; 45; 30T and
others; 21. Cardan shaft flange-forks, flanges of the drive
shaft of the rear axle gears (openings under bolts), length-
wise bars of the frame, compressor shafts (key bed) and others;
22. UONT 13/45; UONI 13/55; No. 23; OZS-2; 23. Carbon or
alloy; 24. Temper hardened (HB ! 350); 25. Steel 40; '5;
35KH; 30KM; 40KH and others; 26. Flanges of the driven
shaft of the transmission (welding collar, fusing necks),
pitman arms (fused cams under the ball bearings), heads of the
crosswise control levers (openings), levers of reverse journals;
27. UONI 13/55; OZN-250; OZN-300; OZN-350; U-340pb; K-2;
28. Carbon or alloy; 29. Induction tempering or with total
heating; 30. Steei 45; 45LK-1 (GOST 977-58); 35KH; 40KH; 40KHGTR
and others; 31. Camshafts (knuckles), oifferential axles (open-
ings), valve arms (spherical surfaces), levers for engaging
the clutch (spherical surfaces), crankshafts (key grooves);
32. 12AN-LIIVT; 13VN-LIIVT; TSS-I; TSS-2; UONI 13/65;
T-590.
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TABLE 83. COMPOSITION OF COATING OF
ELECTRODES FOR MANUAL WELDING AND SURFACING OF

STEEL AUTOMOTIVE PARTS
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Key for Table 83: 1. Brand of electrode; 2. Type of electrode;
3. Welding rod; 4. Composition of coating (by weight), %***;
5. Titanium concentrate (quartz sand); 6. Aluminum (feldspar);
7, Manganese ore (dextrine); 8. Feldspar (saltpeter);
9. Graphite or coke (potassium chromate); 10. Fetrochrome
(ferrotitanium); 11. Ferromanganese (ferroboron); 12. Ferro-
silicon (granite); 13. Marble or chalk (hematite); 14. Nutri-
tive flour (starch); 15. Sodium silicate, % according to weight
of dry components; 16. High-quality (thick) coatings;
17. OMA-2; OMM-5; TSM-7; TSM-7S*; U-340-55; U-340-105; TKKH;
UONI 13/45; UONI 13/55; UONI 13/65; TSS-I; TSS-2; No 23;

4 12AN-LIIVT; 13KN-LIIVT; T-590; OZN-400; OZN-300; OZN-350;
K-2; U-340pb; 18. E-42; E-42; E-42; E-42; E-50A; E-100;
E-42; E-42A; E-50A; E-55; EN-UZOKH28S4N4**; EN-Ul8KHIl5S2N2;
19. EN-UlOG5Kli7S-25; EN-80KH4SG-55; EN-UZOKH25Rs2G-60;
EN-20G4-40; EN-15G3-25; EN-18G4-35; 20. EN-15G3-25;
21. Sv-0.8, Sv-08A; Sv-08A; Sv-08A; SvO8A; Sv-08, SvO8A; etc.
22. Stabilizing (thin) coatings; 23. E-34; E-34, A-i;
MT; 24. Sv-08.

* Electrodes TSM-7S are distinguished from electrodes TSM-7
by greater thickness of coating.

** Chemical composition of electrode wire type EN, see
Table 81.

S*** Total weight of coating amounts to 65-75% of the
weight of the electrode rod.

1
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TABLE 84. MECHANICAL PROPERTIES OF A METAL
FILLED BY ELECTRODES WITH HIGH-QUALITY rOATINGS

USED WHEN RECONDITIONING STEEL PARTS

1 2 3 rIf.(i431a~~~~k•I Ploc~pA~ 001' TAFTp~ IlaJO

MaPhuUIITOS Tl SACKTOjS to %ICJ j . n11411uteM .IT O 8 T I /j l II IflJIlJiIKH I~ / •H |tT,~D M f lJ2 V .

70MA'A-•2 3.42 8 42.--,5U - - - -
M 9 842 45-5 - 9-13 20-25 7,5-8,5

9 1IM-7 9.42 10 45-48 - 9-1( 22-26 10--11
LIM.7C 3.42 45-50 - 9--1122-26 11-12
Y-3,10-55 3-50A 50-55 - 18-24125-30 8-9
Y-310.105 3.100 100--105 - 7-10 10-12 8-8,5
1' K X 342 45-50 - 9-1220-25 9-11

11 YOI1H 13/45 3.42A 12 45-50 - 18-25,25-28 8,5-9.5
"'OHI14 t155 )-50A 50-55 160-2(Xi 18-2523-28 9-10
YOII0 13/65 3a-V5) uo-65 - I2- 1200-25 9-10
LIC.I 311.Y3UX28C4114 - (o18-51) - - 10-12
11C-2 911.Y18XI5C2 Ho2 - (39-45) - - 12-14
MN9 23 65 190-220 13,5 20 -
O3C-2 3.1-A 4--49 - 17-28 22-30 9,5-10

12AH-JIIMMBT 3I1.Y'0r5X7C-25 43--44 270-32(0 3,2 - -
13KU-J11VIBT 911.SOX4CF.-55 - (5(;-62) - - -

T-590 3!. Y3(?X25PC2T-60 - (60-65) - - -

14 031.1-400 3-1.20r4.40 1 5  - 370-430 - --6 8-9
0311. 300 9H. 151'3.25 66-67 270-330 5 14,5 8-9
0311.350 31- 1814-35 - 320--380 - - 8-9
K.2 - 57-58 2r.0-3,40 . 3,8 -- 8--9
Y.340 A6 :)11-.151"3.2516 63-64 260--340 3,6 3,6 8-9

Key: 1. Brand of electrode; 2. Type of electrode;

3. kg (force)/mnt ' 4 Hardness after welding Hb (HRC);

5. aN, kg (force)m/cm1; 6. Welding coefficient g/a • hr;

7. OmA-2; OHM-5; 8. E-42; 9. TSM-7; TSM-7S; U-340-55;

U-340-105; T K KHI; 10. E-42; E-42; E-50A; E-zO0; 2-42;

11. UONI 13/45; UONI 13/55; UONI 13/65; TSS-l; TSS-2;

No. 23; OZS-2; 12AN-LIIVT; 13KN-LIIVT; T-590; 12. E-42A;

E-50A; E-55; EN-U30KH28S4N4; EN-Ul8KHl5S2N2;; 13. E42A;
EN-UlOG5KH7S25; EN-80KH4SG-55; EN-U30KH25RS2T-60;
14. OZN-400; OZN-300; OZN-350; K-2; U-340 pb;

15. EN-20G4-40; EN-15G3-25; EN-18G4-35; 16. EN-15G3-25;
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TABLE 85. ELFCTRODES, WIRE AND WELDING
RODS FOR WELDING,, SURFACING AND SOLDERING

AUTOMOTIVE PARTS OF GRAY AND FOR6ED CAST IRON
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Key for Table 85: .. Material of the electrode; 2. Type or
designation of the electrode, wire, rod; 3. GOST, chemical
composition; 4. Diameter, nun; 5. Designation; 6. Brand of
electrodes of the given type of flux; 7. Cast iron; 8. A,
NCH-I; 9. GOST 2671-70 (See Table 87); 10. Suitable for
gas hot ..elding of components made from gray cast iron;
11. Fluxes (See Table 88); 12. ,; 13. Ditto; 14. Suitable

r for electrode rods for welding components of gray cast iron;
15. OMCH-I; MST-l; No. 64; UZTMCH-71'; TSNIIVT and others;
16. See Table 87; 17. Welding accoiding to a method of
A. I. Zelenov; 18. Charge; 19. Steel; 20. Sv-08, Sv-08A;
21. GOST 2246-70; 22. Foi cold arc welding of components
made of gray cast iron; 23. E-34; UONI 13/55; TSCH-4;
24. Steel-copper (brass); 25. Bimetal electrode; 26. Core---
copper MI, M2, M3, covering--- iron thickness 0.2-0.35 mm,
width 5-6 nun; 27. Suitable for cold arc welding of gray cast
iron components; 28, 01•1.-5; UONI 13/55; OZCH-l; 29. Bundle
of the electrodes*; 30. Two copper and steel rods or copper,
brass and steel; 31. Steel 3-4, copper 3-5, brass 2-5;
32. For cold welding of components of gray cast iron with
th :kness of walls not less than 10 mm; 33. OMM-5, UONI 13/55;
34. Monel metal; 35. NMZhIts; 36. GOST 492-52, Cu 27-29%,
Fe 2-3%, Mn, 1.2-1.8%, the remainder Ni; 37. For cold arc
welding of components of gray and forged cast iron; 38. NNCH-1;

39. Copper-zinc alloy; 40, LMts 58-2; LZHfts 59-1-1;
L060-1; LS 59-I; L-63; 41. GO"T 15527-70; 42. For gas
soldering of components of gray and forged -ast iron; 43. Flux:
50% sodium tetraborate and 50% boric acid; 44; PITS-54;
45. GOST 1531-42; 46. Ditto; 47. Ditto.

k The quantity of copper not less than 70% of the weight of
the bundle.
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TABLE 86. THE COMPOSITION OF THE COATING OF
SPECIAL ELECTRODES FOR WELDING CAST IRON

3 CO:MTii nB l(i4 1-110. %. nI i'ery

_4' 1-7 - j8 12

M1PKS An (n;KCpo . , , _A,1

o~q. •( , 0 10, 4 0,)•'• •, ,I R , . .0,-V. "* O .-( U ,0C T

13 owiti Lty Ti 25 - 41 - 9 25 - - 70
15 maT Igo x~ - 30- --- 70- 22

03qI fln M2, 27 (4.5) (7,5) 6 2,5 (47,5) - 6, 28-3005 OT17 *1 i,0ca CYXHX 19
KOJnoIneirTo

21 22
20 A1I! 5-_1 l Muiieni. 58 - - - - (12) - (.30) To ?KC

J MeT a JIJI

23 k r . - - 30 15
V5 r,%'1.74 26 o •e 13 (6) 45 (1) (9) - (7) Ifi' 70

2 l ,1.11,lwT • -- 3 -- 6- 5 - 702? q-4 129C,.), 12 - (16) 4 )cppona. (2) - 2M- "V% OT28 Ci-OA 34 nlimi 40% zc;s cyxssx
32 ('OCT KO,11Io(eH0TOB

14 1.5-49)-- I 66

Key: 1. Brand of electrode; 2. Type of electrode (wire);3. Composition of coating, by weight %; 4. Chalk or marble;
5. Barium carbonate (quartz sand); 6. Graphite (flourapar);
7. Ferrosilicon (powdered aluminum); 8. Ferromanganese
(manganese oxide); 9. Feldspar (powdered iron); 10. Silicon
carbide (pot ash); 11. 3Titanium ore (strontium carbonate);
12. Sodium silicate, cm to 100 g dry mixture; 13. OMCH-1;
14. Cast iron, B; 15. MST; 16. Ditto; 17. OZCH-I;
18. Copper M2, M43; 19. Of dry weight of components;
20. MNCH-1; 21. Monel metal; 22. Ditto; 23. Coating
No.64; 24. Cast iron, B; 25. UZTNCH-74; 26. Ditto;27. TSNIIVT; 28. TSCH-4; 29. Sv-08; 30. Ferro-
vanadium; 407. (COST 1415-49); 31. Of dry weight of components;
32. Sv-08A.
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TABLE 87. CHEMICAL COMPOSITION OF CAST IRON
RODS FOR WELDING AND SURFACING CAST IRON

2I ,s, xUI. CW T[,,,

4 A' !. 6.8. 10, 3--3.5 1,0-3,,i -- I ,
5 12.16 012-014

P I. , 8, 1(), 3-3,5 3,5-4,0 0,5-0,8 ,9 3-0,5| 12.16
6 1.' c."a)iW.', no 6, 8 2,6-2,8 2,6-2,8 0,45-0,65 0,2-0,5

cuoco6y

A A~l 3o.iciionaI o. , 6, . I0 12) 30--3,5 3,0-34 0,5-0,8 0,2-0,I

Key: 1. Brand; 2. Diameter, mi*; 3. Chemical composition, %***;
4. A*; 5. B*; 6. For welding according to the method of
A. M. Zelenov; 7. NCH-I*.

* According to GOST 2671-70, besides those shown in the
Table, Brands BCH and KHCH are approved for abrasion resistant
surfacing and NCH-2 for gas welding of thick walled castings.

** Length of rods 250, 350, 450 mm.
*** For all rods: the oresence of chromium up to 0.05%,

sulfur up to 0.08%, the rema 4 nder iron. In rods brands A and B,
nicke' (0.37., in brands NCH-I, nickel 0.4-0.6% and titanium
0.03-r j6%, in K]HCH--- chromium 1.20-2.00%.

TABLE 8b. FLUXES FOR GAS WELDING OF
AUTOMOTIVE PARTS MADE OF GRAY CAST IRON

%'1.B407 i(' )d)-- 0)2 N.Hy j), -- 51, Na2( A, -- 22, l\ :COa-22
3 N.,014 0 7)-50), NaI iCOj--17, SiOa--3
4 Na.(.O--50, N'1 1Co-- 50
5 Na..•I) 7-2-, Na ,Co, -27, NaO5(),50
6 Nij;'O7-- 18, NdaCU%--0, Nd,'J --56'5. LiCO--0,5

Key: A. Series number of ilux; B. ComponenLs, % by weight.
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TABLE 89. SOME PROPERTIES OF HOT GASES

USED IN AUTO REPAIR AND MOTOR TRANSPORT INDUSTRIES

I IlK 14M-1,1i11141
Y•¢CJ1Wiln T T TeunOpaTVp IA TOruwxuopnu COO IOIVU"HIeC T"|'el gC1UTypS

llalMgim ouall v ec l Qnpi 201C DO9nlt)eM'( efno CoT1joL-i. r I 40 AY KHCJIO I flAIMCHH u

760 Aim pm. WHR "a 803. flpH 209C u POAOM H roplo cjecC c KHC-
cm.. 2rim' Ayxe, "C 700 Aug pm. sii r'a31 I ,

2 3 1 a° Ti 6,

7 Auerieieii 1,09 428 12000 1-1,3 3150
[lponail-6yTall 1,9 490 21 2W0 3-3,5 2100

8 (85% riponar
ha)

Bo9)opoA 0,084 590 2400 0,3-0,4 2100
.olco,, ra1 0,4-0,55 600-650 3400-4200 0,75-0,80 2000

i IpipoIutil={ 0.7-0,9 650-750 7500-79(X) 1,0--1,6 2000

12 CQing11i.11,tif 0,74-0,93 - 3000-3400 0,7 200O

Key: 1. Designation of gas; 2. Specific weight at 200C

and 760 mm mercury column, kg (force)/m3 ; 3. Temperature of

combuFtion in air, OC; 4. Designated heat produci g capability

at 20')C and 760 = mercury column, large calories/mr;

5. Ratio of oxygen and hot gas in the welding rod*; 6. Temperature

of the !lame mixed with oxygen, °C; 7. Acetylene; 8. Propane-

butane (35% propane); 9. Hydrogen; 10. Coke oven gas;

11. Natural; 12. Shale.

* Approximate quantity of oxygen in cubic meters for 1 m3

of combustible gas, necessary for welding and surfacing; for

gas cutting shown in the table, the amount of oxygen must be

increased by 2-2.5 times.

TABLE 90. DATA ON GAS CYLINDERS FOR
COMBUSTIBLE GASES AND OXYGEN

" -1 4 Lt-r7
I Iau MCi~II N (1 BlK Oeit,gigl |I •JIJ1nOltII 7 I , 'nel~l i psw

,0C I. [ 8JlIO.1I
ro31 61 n~le I9490- 57 diij o~ll 1la"tl1ll I NTc ep rype

i, 158:;0-70 _ I _ __"_____'_'___

AueIril.nCII 9 Pacinoo eH. 10 B 1 iietufrl 2 Kpacuwfi 16

13 l-ponall.6yTani 14 C;Qiweuiwfl 15 5 6 KpiJrltur 7 Bepufi 17
( W "% .llpO n ala ) 'Il !N 11.o 2 2

18 B°0°A)°A 9 CmaTuii 0 A 2 ]•ejnilUl Kpact1ulI 1,50
ropOAcOro, K0oK. A KpacHflO 25benuil 15023 wll €O, iinppO~llUn. 24

c , l am ie ftl uil e 2 % nt 52 C6 .IeAOpon A 2 ronywof 4 i ISO

Key: 1. Designation of gas; 2. Condition of gas in the

cylinder; 3. Type of gas cylinder (GOST 949-57 and 15860-70);

4. Color; 5. Gas cylinder; 6. Inscription; 7. Working

pressure at a temperature 20 0 C, kg (force)/cm2; 8. Acetylene;

9. Soluble; 10. V; 11. White; 12. Red; 13. Propane-
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Key for Table 90, con't.

butane (65% propane); 14. Liquefied; 15. B; 16. Red;
17. White; 18. Hydrogen; 19. Compressed; 20. A;
21. Dark green; 22. Red; 23. Municipal, coke, natural,
shale; 24. Red; 25. White; 26. Oxygen; 27. Blue;
28. Black.

TABLE 91. CHEMICAL COMPOSITION OF WELDING
ROD FOR ARC AND GAS WELDING OF ALUMINUM AND COMPONENTS

MADE OF ALUMINUM ALLOYS TYPE AL2, AL4 AND OTHERS

•ApJ, Ijl)OLO-1 oKI 2 0U.oiiiie 3 n,, ldI ". Ii 'II.. ',,, li 60.-e"
A c r 1 /r1V-M 17 -u1303'; 11 K. i i) Ai I .fc 1IIno'ad

0,2- 2,75- 11,o8- Ociaib 0,3 - 0,03 0,1 0,1
0,6 1,23 ),18) 6 "()/ ~0,,,-

- --K " - 1,.5- - ,1o ;he 0,6 - 0,2 0,1 0.,1

C11 A\ %l 1,0-- 0,2- t),'-- - 0,05 0,2 0.1 0,1
1,5 0,-1 0,5!

,CBAKI -I 7,o- - 0,6 0,w 0(, 0,2 0,1

Cn'AI - 0,10- 0,2- I--o Vi1el - - 0,015 - 0,01
o,,' 0),35 99,3

"13 C11i1o 0, - - - e 0,015 (0,015) 0,0 - 0,01
,9,97

Key: 1. Brand of wire according to GOST 7871-63*; 2. asic
components, 7; 3. Ml..ure, %, not more than; 4. Remaining;
5. Sv-AK3; 6. Remainder; 7. Sv-AK5**; 8. Ditto;
9. SV-AMts; 10. SV-AKI0; 11. Sv-Al; 12. Not less than;

C', 13. Sv-AV 00.

* In all GOST 7871-63 considers 11 brands of welding rod
of aluminum and aluminum alloys, diameter from 0.8-12.0 rum.

** Wire Sv-AK5 is used in the automotive repair industry for
making electrodes OZA-2.
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TABLE 92. FLUXES FOR GAS WELDING OF
AUTOMOTIVE PARTS OF ALUMINUM ALLOYS

nio ýl A" Or ell,lIom.p 'IJUocn , o noiieir u, % (no oacy)

I (Ab4).4A) C NaCI--•8, KCI--50, LiCI--14, NaF--8
2 KCI-50, LICI-32, NnF--10, ZiiCl 2 -S
3 NaCI-30, KCI-45, IACI- 15, 1(F.-1O--7, NatISO 4-3
4 NaCI- 19, KCI -29, 1aCI2 .211,O-48, Car-,-4
5 NaCI--41, KCI-51. NaF--8

Key: A. Series numbers of fluxes (brand); B. Components,
% (by weight); C. (AF-4A).

TABLE 93. COMPOSITION OF COATING OF
ELECTRODES FOR ARC WELDING OF ALUMINUM ALLOYS

fl~o p,.nKo.

A n 1if lomer) O C gOUl0iW e KOM nOiu tITU , % P'&cu (;T VC-Jl 11 CIiOco6 HO IUCCeIII))

(ip8 B C

1 • Nn.•AIF I-% O tioniir) - 25, 'u1oc g 'acT,,or IA,,. ,, .'.o:, u
(03A-2) A-4A--65, KCI-9, ry6. (12--11% K ey.0't aIoi leh;i).

''ut1,ii THr1'TI-1 -[pocytytlmn it Ilpomis'I(a

2 Na.-, AI - 20, KCI -50, 2 C1i1a'iau I ,iwo ronw:sor I,a:oh it
NaCI--30 ,jiijii'pot.i IaC1i iop Na('I, i•.i p:in

3a o,.srr BecI, cocI'u,, zaltivT II• I11110;M.11t0alOT 2--3 t• iip 150 C

3 NaA1F --3.5, KC -50, 3a 100 e CyXUIx Ko,',,IItI l ', pf1l).13U RT
NaCl - 15 io 50 c.411 ,=111, ¢ ,,a'I; ci I) np"•"l:w

lOT 2-3 is nwi .,)U'C 4a
4 KCI--64, NaCI-6, MgCi--30 P113o11A.T na ryCTMo.•) aCTDOlic NaCI.

cpiutar i uipoKaJiumloT 2 g i.itlt 0C
5 KCI-58, NaCI-28, LiCI-14 To iwe 5a

Key: A. Series numbers of compositions (brands);
B. Basic components, % (by weight); C. Solvent and
method of applying coating; I. (OZA-2); la. Na3AlF 6
(cryolite)--- 25, flux AF-4A--- 65, KC1--- 9, porous
titanium--- 1; lb. Solution of carboxyl-methyl-cellulose
(12-14% of the total of the components). Desiccation
and calcination; 2a. At first they prepare a saturated
aqueous solution of NaCl, dilute the entire composition with
it, then dry and calcinate for 2-3 hours at 1500C.

3a. 100 grams of dry components are diluted in 50 cm2 of
water; drying and calcination for 2-3 hours at 150oC.
4a. Diluted with a viscous solution of NaCL, dried and
calcinated 2 hours at 180 0 C. 5a. Ditto.
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TABLB 94. STEEL FILLER AND WELDING RODMOST WIDELY USED FOR RECONDITIONING AUTOMOTIVE
PARTS BY MECHANICAL TYPES OF PLATING
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Key for Table 94: 1. Types of surfacing (plating); 2. Wire
(GOST); 3. Surfacing (10543-63); 4. Welding (2246-70);
5. Spring (9389-60); 6. Structural Steel (1050-60);
7. Instrumental steel (1435-54); 8. Automatic under layer of
flux; 9. Np-40, Np-50, Np-65, Np-50G, Np-65G, Np-301"'2SA,
Np-3KH13, Np-10G3, Np-50KHFA; 10. Sv-08, SV-08GA, Sv-08A,
Sv-10G2, Sv-18KHGS, Sv-18KHMA, Sv-12G2; 11. K2* (OVS, VS, PK);
12. Steel 45; 13. Electric impulse; 14. Np-50, Np-55,
Np-80, Np-50G, Np-65G; 15. Sv-08, Sv-10G2, Sv-08A, SvlOGA,
Sv-08GA, Sv-18KHMA; 16. K2 (OVS, VS, PK), KI; 17. Steel 45;
65G; 18. In an atmosphere of carbon dioxide; 19. Np-30KHGSA,
Np-2KH14, Np-30KH13; 20. Sv-12GS; Sv-C3GS, Sv-18KHGS, Sv-08G2S,
Sv-IOKHI3, Sv-08GSMT; 21. K2 (OVS, VS, PK); 22. Metallizing
spray; 23. Np-65, Vp- 80; 24. Sv-08, Sv-12GS; 25. K2
(OVS, VS, PK); 26. Steel 35; 45; 27. U7A, U8A.

* GOST 9389-60 depending on the mechanical properties
covers four brands of spring wire: I (KI), II (K2), IIA
(K2A), III (K3). Wire is made from steel U7, U7A, U8, U8A
and other brands of instrumental steel covered by GOST 1435-54,

91 or structural steel 65G, 70G and others according to GOST
1050-60. The diameter of the wire is from 0.14-8.00 mm.
The brands mentioned of spring wire are introduced instead of
brands OVS, VS and PK, looked at earlier under GOST 1546-53,
5047-49 and 1070-41.
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TABLE 95. COMPOSITION ¢" FUSING FLUXES FOR
4MECHANIZED SURFACING OF WURN OUT SURFACES OF

AUTOMOBILE PARTS (GOST 9087-69)
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Key for Table 95: 1. Brand of flux; 2. Components, % by
weight; 3. Not more than; 4. FTS-9; 5. AN-348-AM;
6. AN-348-A; 7. OSTS-45; 8. AN-20S, AN-20P, AN-20SM;
9. An-22; 10. OSTS-45-M; 11. AN-8; 12. AN-60; 13. AN-26sp,
AN-26S, AB-26P; 14. Up to.

TABLE 96. ELECTRODE WIRE AND FLUXES FOR
RECONDITIONING SURFACES OF WORN OUT CRANKSHAFT COLLARS

A2 3 45
I• lTpOuo.0ol a ).leK COCTJB (1141ioC2. Corcai 1asa3o n -K ; lcp i le ,)

,.L Pom I tj-I 1~ 6 AIAIK1,10)

S8 9
l I In-1'XI'CA QIVOC C raii;apr- 1) H1ccoi< :•aDLue. I lopi 3,•1113Mat 1 ,

I48 Apowoilla I To 5f01 -I I O "p' ,XK r 1 HA 12
10]it A.1-.I onoy Kvio ,as p r T;im. I"n 12 • "

I1 xnjeCC (roc'r (2(1%.-l l A",- l .•. ,', -'jI( VZ
9389-Go) w.il Dop)- 2, Hsi,tKuCe . B. 4
H/ -65 CTMe.o (yet.m0oro

13 14 110c.0 ,5--,3i)--• 16

111 To wle Nmoc Ai-3.18-A- 52) Ppat)1T 83 0, W1c cp1lC-i o01
93,2, 41wppoxpom AM;"uIIKOC CTCK.1O 15 a o6pa6oiix
Nm 5 will A'w 0-
2,2, rpad,, r KJlf3-2,

A(TIT-2, SY [-I .uw
K.rIC-3--2,3; mKiui-
Koe CTCiO1i-

9 
'

Key: 1. Filling variatit; 2. Electrode wire with diameter
1.6-1.8 nmm; 3. Composition of flux, 7% (according to weight);
4. Composition of the paste for coating oil ducts, g;
5. Thermal processing of surface layer; 6. Hp-30KHGSA;
7. Standard flux AN-348A-100; 8. Quartz sand, dry--- 96,
fire clay--- 4, caustic sodium (20% solution)--- 2, sodium
silicate (specific weight 1.5-1.55)--- 8; 9. Normalization,
induction tempering; 10. Wire class II (GOST 9389-60);
or Hp-65; 11. Ditto; 12. Annealing at 650 0 C--- 2.5 hours,
induction tempering; 13. Ditto; 14. Flux AN-348A--- 93.2;
ferrochromium no. 5 or no 6.--- 2.2; graphite KLB-2, KLT-2,
EUT-1 or KLS-3--- 2.3; sodium silicate--- 2.3*; 15. Graphite
85g, sodium silicate 15g; 16. Without thermal processing.

* Besides the compounds shown, sometimes AN-348-A is used
with an additive of 46% graphite or 3% stalinite (a very hard
Soviet tool alloy].
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TABLE 97. EXAMPLES OF THE SELECTION OF WELDIIHG ROD
FOR SURFACING AUTOMOTIVE COMPONENTS UNDER A LAYER OF FLUX
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Key for Table 97: 1. Designation of components and surface;
2. Matcrial (the most widely used); 3. Hardness; 4. Welding

rbd; 5. Brand; 6. Diameter, mm; 7. Hardness (approximate);
8. After surfacing; 9. After thermal processing; 10. Crank-
shafts; 11. Steel 45; 12. K2 and standard flux; 13. Differential
axles; 14. Steel 40KH, steel 35KHGS; steel 40KHGTR; 15. Np-30
KHGSA, Np-30KHGSA, K2; 16. Crankshaft compressor; i7. Steel 45;
18. K2; 19. Releasing brake shoes; 20. Steel 40; 21. Np-50,
Np-65; 22. Cardan forks, collars; 23. Steel 45; 24. Np-65;
25. Cardan shafts with forks (joined); 26. Steel 40KH; 20; 40;
27. Sv-08; 28. Differential axle pipes: collars; 29. Steel 40KH;
30. Np-50, Steel 45; 31, Thread; 32. Steel 45; 33. Np-40,
Steel 45; 34. Slotted ends of Cardan shafts; 35. Steel 40KH;
36. Np-3OKHGSA; 37. Flanges of transmission shafts and rear
axles, collars; 38. Steel 45, steel 40KH; 39. Np-40, Steel
45; K2, Np-65, Np-50.

L
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TABLE 98. EXAMPLES OF THE SELECTION OF WELDING ROD
FOR WELDING SMOOTH AND THREADED SURFACES OF

AUTOMOTIVE COMPONENTS BY AN ELECTRICAL IM4PULSE METHOD
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Table 98, can't.
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Key for Table 98: 1. Designation of components, surfaces;
2. Material (the most widely itsed); 3. Hardness; 4. Welding

rod; 5. Brand; 6. Diameter, mm; 7. Hardness after tempering
(approximate); 8. Pulley hubp of the crankshaft; 9. Steel 45;
10. K2 (OVS); KI, Np-80; K2 (OVS); 11. Valve push rods, stems;
12. Steel 35; 13. KI, Np-80; K2 (OS); 14. Camshafts, journals;
15. Steel 45; 16. Np-80, Np-65G; K2 (OVS); 17. Cross members
of the Cardan shaft, pins; 18. 18KHGT; .teel 20KHGNTR; steel
20KH; 19. Np-86, Np-65G; 20. Differential cros, pieces, pins;
21. steel 18KHGT; 22. K2 (OVS), Np-80, Np-65G; 23. Flanges
oi transmission shafts and the rear axles, collars; 24. Steel
45; steel 40KH; 25. K2 (OVS), KI, Np-80, Np-65G; 26. Drive
shaft of the transmission, collars; 27. Steel 18KHGT;
steel 25KHGM; 28. K2 (OVS), Kl, Np-80, Np-65G; 29. Driving
transmission shafts; 30. Collars; 31. Steel 40KH; 32. Ditto;
33. Thread; 34. Steel 25KHGM; 35. Thread; 36. K2 (OVS);
37. Driving rod of the rear axle, thread; 38. Steel 20KHNM,
steel 18KHGT, steel 30KHGT; 39. K2 (OVS); 40. l'orks for
engaging the clutch; 41. Steel 45; 42. K2 (OVS), KI,
Np- 80; 43. Cardan flanges-forks, sockets under the bearings; 44
44. Steel 35; 45. Sv-08, Sv-08A; 46. King pins, thread;
47. 40KH, steel 35KH; 48. K2 (OVS), Kl; 49. Clutch pedal
shaft; 50. Steel 453 51. K2, KI, Np-80; 52. Driving cylindrical
rod of the rear axle, collars; 53. Steel 18KHGT, steel 30KHGT;
54. K2, KI; Np-80; 55. Cross wise steering rods, thre.ad;
56. Steel 20; 57. K2, K1; 58. Shafts of the steering
mechanism, thread; 59. Steel 20, steel 35; 60. K2, KI;
61. Front and rear wheel hubs, sockets under bushings;
62. KCH 35-10; 63. Sv-08, Sv-08A; 64. Differential pans,
collars; 65. KCH 35-10 Mst 6; 66. Sv-08, Sv-08A;
67. Bearing sockets of the driving shaft, opening under the
bearings; 68. KCH; 69. Sv-08, Sv-08A; 70. Articulated
front suspension of the engine, openings under the bearing
collar of the gear box cover; 71.. KCH 35-10; 72. Sv-08,
Sv-08A.
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TABLE 99. CO1POSITION OF COOLING LIQUID
FOR ELECTRIC IMPULSE WELDING

A rop~,mo ! B
A oun liomep !iom;ji4. pacriop. % no vecy

pacTuopa

1Ka.busII{Ipobaamaan co.
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2 ['imepim- 15-20

3 Kanbi.UIIIpoaaiuIa1,19 Co.ha -- 2--3, rniuepm,--

4-5
4 Aiw no xo3fic7Tliefliloe-

1, rnnucpi.--0,5, xa~nb,
---- • uimmponaaima coA -- 5• KH aIilljllll II I33! ~Il Clld -5

5 Ka~nwitumponai PBmiasi co.
na - 6

Key: A. Series of numbers of solution; B. Aqueous
solution, % by weight; 1. Calcined soda--- 3-4,
miaeral oil--- 0.5; 2. Glycerine 15-20; 3. Calcined
soda 2-3, glycerine 4-5; 4. Household soap 1,

glycerine 0.5, calcined soda 5; 5. Calcined soda 6.
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TABLE i00. CIEMICAL COMPOSITION AND PROPERTIES
OF INERT AND CONTROLLED GASES USED IN THE AUTOMOTIVE REPAIR INDUSTRY
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Key for Table 100: 1. Gas (GOST); 2. Batch; 3. Chemical
composition1 , % by volume; 4. Moisture; 5. Coloration;
6. Gas cylinder; 7. Inscription; 8. Specific pressure in the
gas cylinder when t = 200C kg (force)/cm2 ; 9. Specific weight at
0°C and 760 mm mercury column, g/L 10. Carbon dioxide welding
(8050-64)2; 11. Black; 12. Yellow; 13. Industrial nitroger
(9293-59); 14. Black with brown bands; 15. Pure argon
(10157-62); 16. A; B; V; 17. Black with white bands (industrial)
or the upper half--- white, the lower black (pure); 18. Dark
blue; 19 Pure helium (MRTU 51-04-62); 20. A; B; 21. Brown.

1. In the composition of the gases the quantity of additives
is given for the maximum acceptable period.

2. It is expedient to use a liquefied welding carbon
dioxide. In the case where a liquefied nutritive carbon dioxide
is used it is necessary to dry it with silica gel and the first
portions of the gas (until the pressure is compressed to 4-5 kg
(force)/cm2 ) are released into the atmosphere.

-4
.1
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TABLE 101. EXAMIPLES OF THE SELECTION OF WELDING
WIRE FOR SURFACING SMOOTH AND THREADED SURFACES OF

AUTOMOTIVE COMPONENTS IN A CARBON DIOXIDE ATMOSPHERE
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Table 101, con't.
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Key for Table lO: 1. Designation of components and surfaces;

2. Metal (most widely used); 3. Hardness; 4. Welding wire;

5. Brand; 6. Diameter, rmm; 7. Loss of carbon dioxide per

component (appro.-imate); 8. Axle rod of the' rear transmission

gear; 9. Steel 45, steel 251GIGM; 10. Np-2KH14, Sv-12KH13;

11. Comnpre:;sor cronkshafts; 12. Collars; 13. Steel 45;

14. Np-2KH14; 15. Thread; 16. Np-30KHGSA; 17. Transmission

driven shafts: t8. Collars; 19. Steel 40KH, 25KHGM;

20. Np-2KH14; 21. Np-30KHGSA; 22. Sv-18KHGS; 23. Connecting

shafts of the transmission, thread; 24. Steel 18KHGT, steel

25KJIGM; 25. Thread; 26. Np-30KHGSA; 27. King pin,

thread; 28. Steel 40K11; 29. Np-30KHGSA, Sv-18KHGS,

Sv-12GS; 20. Crosswise steering levers, thread; 31. Steel 20;

32. Sv-12GS; 33. Flanges of shafts XP and Z. M. Collars;

34. Steel 45; 35. Sv-12GS, Sv-18KHGS; 36. Driving end

rods of the rear axle, thread; 37. Steel 18KHGT, steel 30KHGT;

38. Np-30KHGSA; 39. Cross pieces of the differential,

pins; 40. Steel 18KIIGT; 41. Np-2KH14, Np-3KH13, Sv-12KH13;

42. Cardan cross pieces, pins; 43. Steel 18KHGT, steel

2oKJI.NR, steel ; 44. Sp-2KI14, Np-3KH13, Sv-12KH13;

45. Axles of t"l- clutch p. dals; 46. Steel 45; 47. Np-2KH14,

Sv-2K1I13; 48. Clutch dis,.i:,ging forks, collars; 49. Steel 45;

50. Np-2K11s, Sv-12KIi13; i, Release brake shoes, collars;

52. Steel *t; 53. Np-2K111 ;v-12K0l13; 54. Pitman arm shafts,

thread; 55. Steel 40KII; stLc ' 5ITG1; 56. Sv-18KHGS;

Np-30KHGSA; 57. Different~iI . : pipes; 58. Collars;

59. Steel 40Y"' . " ; . Thread; 62. Steel 45;

61. Np-6h~zlC:2.. 64. Differe',ýi axles, slotted; 65. Steel

40KII; steel 35K1I; 66. Np-30KI('K; .7. Cardan shafts in

the assembly, welding of forks I uioticed ends; 68. Sv-12GS;

69. Cabins, bodies, trim, we1J-dat. pct(.lhes, fusing cracks;

70. Speel 08; 71. Sv-12GS.

* Adequate output of gas: with wire ýj 0.8-1.2 mmn---

* 500-750 L/hr, with t 1.2-1.6 mm-L- 750-1000 C/hr.

Best AVailable CoPy
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TABLE 102 1 MATERIAL OF ELECTRODES HOST
WIDELY USED IN AUTOMOTIVE REPAIR INDUSTRIES

"WHEN PROCESSING COMPONENTS BY AN ELECTRIC SPARK METHOD
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Key: 1. Variant.of processing; 2. Designation of
processing; 3. Inter electrode atmosphere; 4. Polarity of
component; 5. Polarity of electrode; 6. Materials and
brands of electrodes (instrument); 7. Removal of cotter
pins and joint plns and so forth that are about to break.
Processing the surface to a good hardness, drilling openings,
sharpening instruments; 8. Kerosene, diesel fuel, trans-
foeaer oil and others; 9. Anode; 10. Cathode;
11. Leaded brass LS-59-1, copper-graphite composite MG-4;
12. Strengthening instruments and components, plating the
surfaces of components with a layer of good hardness; 13. Air;
14. Cathode; 15. Anode; 16. Alloys VK-2, VK-3, VK-4,
VK-6, VK-8, T30K4, T5KlO, T15K6. Sormite TSS-., TSS-2, ferro-
chrome, ferroboron.
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§ 2. Metals and Materials Used in Automotive (.-pair Industries for
Plating Components by Electrolytic and Chemical bethods

In the automotive repair industry electrolytic and chemical coatings
are used for plating worn out surfaces of components, for decorative
purposes and to prevent corrosion. They are also used as a preparatory
operation under painting, before casehardening and cyanidation for protect-
ing those surfaces of the components wl.ich do not require impregnation by
carbon and nitrogen, for improving fatigue life of the components joined.

The technical 1?rocess of electrolytic and chemical coating can be
divided into three bteps: preparation of the component surfaces before
coating, electrolytic or chemical plating of the surface and procesqing of
the plated layer. The fitst step includes mechanical and chemical
pi:eparation of the surface. The third step finishes with a mechanical
(sometimes, also, thermal) processing of the plated layer. According to
the content of the technological operation and the use of the material
being repaired the mechanical processing when preparing the components for
coating and when processing the placed layer can be very great. Therefore,
the repairing material used for mechanical processing in both these steps
can expediently be looked at together.

Materials used when mechanically processing components, plated by
electrolytic and chemical methods. Mechanical processing of the surfaces
of automotive parts treaded with electrolytic and chemical coatings, and
also plated surfaces can be roughly or finely polished and buffed.

Rough polishing is usually done in machine shops on machines with
ab':asive wheels, and fine polishing and buffing of the finished and
plated surfaces is done2 in branches of electrolytic shops in automotive
repair industries.

They use comple%: and simple polishing wheels for fine (finishing)
polishing. The complex wheels (nave, dis. and rim) are made of metal
or wood. The facings of these wheels are c, de of leather, matting,
felt or emery cloth. It is best to glue ti.ý, facing on with a hide glue
(GOST 3252-46). The simple wheels use w-Itting, felt and fabric. The
matted wheels vary in weight: the greaLer the weight of the wheel, the
greater its hardness. As distinguished frti• rough polishing, when fine
polishing and buffing, the hardness of the metal used and the pol:shing
(býuffing) wheels must be changed to correspond, that is for polish.&ng
soft metals it is necessary to use the most elastic wheels. For pol..'A"ing
iron, chromium and other hard castings it •s especially good to use feIt
wheels which are distinguished by their density.

Fabric wheels are made from canvai, flannel, burlap, coarse calico.
frieze and so forth. Wheels are obtaine.4 by a nethod of stitching •.ogcth;r
the wheel discs. When the seams arc places closely together (5-.1) r,
one from the other) comparat-vely i,,id wheels are obtained, when fai .,uart
(15-20 mm) soft ones.

Doth the complex and the simple wheels must be subjected to
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static balancing. The balanced wheels are rolled with polishing powders

number 4-6 or micro powders 14-40, H-28, M-20 in two or three layers. Before

applying the abrasive t9 the working surface of the wheel it is smeared
with joiners glue or casein glue, dextrin or sodium silicate. When matted
wheels are used, the first layer of abrasive is rolled on,using joiners

glue or hide glue. One can use sodium silicate for rolling on subsequent
layers.

When rolling on the abrasive layer they compress it by rolling the

wheel on smooth steel sheets. The drying time after rolling must be 48

hours at room temperatJre for a 2 layer abrasive coating, or 24 hours at
a temparature of 30-40 0 C.

Matted wheels are the most widely used in the atutomotive repair industry

and are the cheapest: F..ft--- for polishing components of aluminum alloys
and non-ferrous metals; hard--- for polishing steel components. For
fine polishing the matted wheels can attain a fineness of the surface which
corresponds to class 8-9.

Buffing wheals are made of matting, cloth, felt, coarse calico, calico,
frieze or twill.. These can be sewn or attached to the spindle of the
polishing machine by screws or special grippers. The non-sewn wheels are
usually used for polishing components of complex configuration.

The composition of the most videly used polishing pastes of various
types is presented in Table 103,

TABLE 103. COMPOSITION OF POLISHING PASTE
USED FOR PREPARING C%1PONENTS UNDER AN ELECTROLYTIC

COATING AND FOR PROCESSING THE COATINGS OBTAINED

1 2 I 3 .'..,,0,,',.'' t cod, i,.. "o -l• ," ''

14T9 T . 8 101I 60 1-

rlfCT 11OCT11 I . * '• ,

,1larow'0|, 13

1 2 i'p y 6 nsi C ra.m ahIlbie , x p o . 8 1 (2 ) - 2 5 - 10

14epaI~i ~ i~76 (2) - 2 10 - 10
14 epe.mi•,l s 15"1'Q 1,,0 0.2 12 0

1 I """"IMI" 19 74 (2, " 18 1' 0,2 10
.•1 a'ra 311JI: 23

XlOUois] XlA. io iluc 73 - . - 23
10110U05 J'mommilt4lm 73 - 7.1~ i (1,5) 23

2,, no1.1nibl 6 5 -. 4 - () - 23

l M ,VIM0.o,, 251 - 70 (15, - (5) -,10

24 1 1 .1sI 4 1, 1 II I ,\I :o~ I I, I B1C1 I ML,
it l -1(,\'II II II MC1II4,1 11I

26 [l viox i xpo - 21po1c,% .IC 78 - 2 (14j - t 1
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Key for Table 103: 1. Designation of paste; 2. Polished
surfaces; 3. Chemical composition, % (according to weight);
4. Chromium oxide; 5. Vienna paste (kerosene); 6. Oleic
acid (rouge); 7. Silica gel (beef fat); 8. Decomposed fat
(paraffin); 9. Bicarbonate of soda (ceresin); 10. Stearin;
11. Paste GOI; 12. Rough; 13. Steel, chromium; 14. Average;
15. Ditto; 16. Thin; 17. Paste ZIL; 18. Chromium;
19. Chromium; 20. Lime; 21. Aluminum, nickel; 22. Paste
for polishing steel; 23. Steel; 24. Paste for copper and
aluminum; 25. Aluminum, copper; 26. Paste for chromium
coating; 27. Chromium.

The chief components of any polishing paste are the abrasives (chromium
oxide, aluminum oxide, silicon oxide, vienna paste and so forth) and the
connective material (stearin, paraffin, fat, beef fat and so forth). Besides
this, one can have additives in the paste which change their consistency or
improve the effectiveness of the polishing due to intensifying the physical-
chemical processes which occur during polishing a surface layer of a
component. For these purposes it is convenient to include in the composition
of the pastes,surface active substances: oleic acid and emulsifiers
of types OP-7 and OP-IO. As a result of polishing it is possible to
increase the fineness of the component surface to class 13 (GOST 2789-59).

Materials used during chemical and electrochemical cleaning ofcomponents in preparation for coating. Surfaces of components subjected

to electrolytic or chemical plating must be thoroughly cleaned of grease,
oil and oxides.

Cleaning away the grease and fat can be done using organic solvents
(benzine, kerosene), Vienna paste and alka.li solutions in hot or
electrolytic baths. Organic solvents are not recommended for use during
very large scale productions, because of their fire danger. Besides this,
after processing with benzine or kerosene on the surface of the component
there always remains a thin film of grease. For guaranteeing the necessary
adhesion of the plated and base metal it is necessary to remove this film.
Such a film can be removed in special baths by rubbing the surface of the
component with Vienna paste diluted with water to a consistency of gruel.

Vienna paste is a product of annealing lime and dolomite; it contains
94.5% calcium oxide and a small quantity of magnesium oxide and iron. The
grain of the Vienna paste has a round shape without sharp cutting grain.
When degreasing with a Vienna paste it is Rossible to add up to 1% sodium
hydroxide or up to 3% soda ash.

Degreasing of components in an alkali solution in hot or electrolytic
baths is the most widely used. Because mineral oils which are usually used
for greasing automotive parts do not saponify under the influence of
an alkali therc is a problem of including something during degreasing to
emulsify the oil. Sfecial additives of emulsifiers are introduced into
the degreasing solution which coat the drops of oil and facilitate
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removing them from thc surface of the component.

The emiulsifiers used for preparing surfaces before plating are: oil,
sodium silicate: dextrin, a detergent mixture of sulfonaphthenic acids
[Russian equivalent of Twitchell reagent] and others. Emulsifiers OP-7
and OPlO (poly-ethylene-glycol esters) are especially effective.

The compositions of solutions for chemical degreasing before electrolytic
,:oating are presented in Table 104. Whe!i degreasing components made of
aluminum alloys the use of strong alkalis. (caustic soda) is not permissible.
For improving the effectiveness of hot degreasing and for improving quality
it is expedient to mix or circulate the electrolyte.

TABLE 104. SOLUTIONS FOR CHEMICAL DEGREASING
BEFORE ELECTROLYTIC COATING

KoMIOnIIITul I pel *(in M oK es1.u) ID•e1na I I

I 14 11

'OCT' 2263-59 u.'u' 11078-64
6 1(am;itnIlilpOi'lan coi, (yr4'eKicamuil 40 25 - - 20-25,10-50

nlaTP), roc, 5100-6,1 .im 10689-63
7 ,X.,Aoe CTCH.1o, rOCT 13(078-67 2-3 - - 5-8 - 20-30

89 1i)IIIIaTP1ii(I)oCqa),T. rOCT 13,193-68 - 25 40 70 20-25 3-5
9 Ko.,raKr fleVipo0a, ['OCT 463-53 - - 40 - -. 10-15

10 9.'iymira"op Orl-7 (O1.8) - - - 20-30 5-7 -
11 T,•mnepaTypa, "C 70-80 70-:90 70-qo 70-90170-8070--80
12 BpcNrn, "fill 30-40130-40120-30 Iq-.20lI0-15l10-15

Key: A. Components and 'procedure of degreasing; B. Composition
of solvents, g/t[; C. For steel components; D. For aluminum
alloys; 5. Caustic soda (sodium hydroxide), GOST 2263-59 or
11078-64; 6. Calcined soda (sodium carbonate), GOST 5100-64 or
10689-63; 7. Sodium silicate, GOST 13078-67; 8. Trisodium
phosphate, GOST 13493-68; 9. Detergent mixture of sulfonaphthenic
acids, GOST 463-53; 10. Emulsifier OP-7 (OP-8); 11. Temperature,
°C; 12. Time, minutes.

In comparing hot chemical degreasing the most effective is hot
electrolytic dogreasing in an electrolytic bath. The component is
usually switched on as the cathode. As an anode it is recomnmended that
steel or ni..kel plated steel plates be used. It is possible to reverse
this (component-anode) or even to use an alternating current. Degreasing
of the components in all cases is explained by an intense generation on
their surfaces of gas bubbles which break up the greasy film. The
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compositions of solutions for electro-chemfal degreasing are presented in
Table 105.

The process of removing oxidized microfilms from the surfaces of
components before coating them causes pickling or anode etching. This
process can occur by chemical or electrochemical methods. Chemical pickling
of steel conmonents under various coatings occurs in baths containing 30-50
g of sulfur or hydrochloric acid per I L water.

During plating with chromium or nickel electrochemical pickling (anode
etching) occurs. It can occur spontaneously in working baths reversed on
30-50 seconds polarity of bath (the component at this time becomes the anode)
or in special baths. During electrochemical pickling in special baths the
component always is attached as the anode. Lead plates are the cathods in
acid solutions, iron plates In alkali solutions.

For electrochemical pickling before chrome plating baths can be used
with a solution C'O3-100 g/X, 112 SO4  2-3 g/t. The process of electrochemical
pickling: R k = A/dm2 , room temperature, time 50-60 sec.

Before iron plating anode scouring of untempered parts is done in baths
of the following compositions: H2SO 4 --- 20-30 g/i, FeSO4 ' ý120 (iron sulfate)
--- 30 g/j'. The procedure of anode scouring: R k = 30 A/dm , room temperature,
time, 30-50 sec. For tempered and caseharde ed &teel the same compositions
are used with the procedure -,L 50-80 A/dM , time 2-4 min. For all these
same purposes they also use a 30% solution of H2 SO4 (365 g/P2) at 16-200 C and

Pk = 50-80 A/dm2 . As a rule the pickled surface of the component must have a
dull silver color. The presence of dark spots or un-pickled shiny surfaces
are not permitted.

Materials used for electrochemical and chemical processes. Chromium
coatings used both for renewing worn out surfaces of components and for
decorative purposes are the most widely used in the automotive repair
industry at the present time.

Compositions of chromium electrolytes of various types are presented in
Table 106; Table 107 shows the material of anodes, bath liners and
insulating structures for chroming and other electrclytic processes.

Chrme electrolytes use distilled water. Industrial chromium anhydrides
always contain bisulfite; therefore, after dipping it in water there must
follow an analysis of the solution for its composition and on the basis of
the results of this, the necessary amount of acid must be introduced irlto the
solhtion. Again, the chromium electrolyte being used must be thoroughly
mixed and operated with a current with lead anodes and iron cathod-u when the
temperature and current density correspond to the accepted proceduri, of chrome
plating. The purpose of such preparation is ta create in the bath t0h1
necessary amount (2-3%) of tri-valent chromium Cr20 3. Time of proctarg of
the electrolyte--- 2-4 hours. in the case of a surplus of acid it can be
removed by introducing barium hydroxide into the electrolyte. For this, the
bath is heated to a temperature of 6000 and thoroughly mixed, and then held
for a 24 hour period for precipitating to the bottom of the bath a sediment of
barium sulfate. The necessary quantity by weight of the barium hydrate is
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approximately twice the weight of the excess acid. When there is an excess
of tri-valent chromium (greater than the limits shown above) the bath is
operated with a current with lead anodes exceeding the square area of the
surface of the cathodes by 3-4 times.

Correction of the chromium electrolytes must be done not less than
twice a week. Besides this, weekly it is necessary to check the content in
the bath of the chromium anhydride which can be done using a hydrometer and
special tables. When creating a self-regulating electrolyte a solution of
chromium anllydride and sulfuric acid are prepared first, and then special
additives are introduced.

For repairing worn out components, an electrolytic iron coating is widely
used. In the re2air industry, for reconditioning components by this method,
it is advantageous to use hot and cold chloride electrolytes (Tables 108 and
109). For improving hardness and abrasion resistance of the coatings, an
additive of manganese chloride or nickel chromide is sometimes introduced.
In recent years electrolytes operating at eigher low or room temperatures
have been most often used.

An electrolyte for iron plating in chloride baths obtains etching of the
metallic shavings of low-carbon steel (steel 10 or 20) in a 50% solution of
hydrochloric acid. The shavings are degreased beforehand in a 10% solution
of sodium hydroxide at a temperature 65-700C for a period of 30-40 min. After
degreasing, the shavings are washed in hot water. When etching the shavings
they are immersed in a solution heated to 400C in small batches until the
latter are plated; this is completed when formation of hydrogen gas bubbles stop
stops.

"After having ..ettled for 15-20 hours, the solution is poured into an

toliýtrolytic bath, then distIlln w!ater and acid are introduced, and then
specific additives. Thr flnishpoc olectrolyte is tested primarily for
icid content. 1Psing a hydrometer rbe specific weight of the electrolyte
is determined and according to the -specific weight, by special tables, the
content of dichloride of iron.

It Is expedient to nee n PKE-4 3evice for testing and automatic
regulation of the acidity of the electrolytic baths. Besides this, for
S13termining the acifltv pHl one ntsit use universal test paper. For determin-
ing acidity in thi, '-tsa the test p*-'e is imms ,i-ed in the solution and its
color is compared voithi that oi the -ilibrated ct of color samples which
correspond to pHl vnl,,es from 1-10 !'he content of other elements in the
ele.trolytes most often is tested b> titration o- by a calorimetric method.

Usually a chloride electroly.e has a green color. A yellow color of
the electrolyte means that it has accumulated trichloride of iron which has
a negative effect on precipitation. Elimination of trichloride of iron
can be done by adding iron shaving~s to the electrolyte during subsequent
operation of the bath with the current.

Round anodes are used for iron plating. It is expedient so that their

-201-



area will be approximately have that of the area of the cathode. For
preventing their intense oxidation and contamination of the entire bath
by their residue, the anodes must be screened in the bath in little glass
cloth bags and must be exchanged at least once, taken from the bath and
cleaned with steel brushes. It is recommended that electrolytic iron
plating baths be equipped with devices for filtering and circulating che
electrolyte.

Copper electrolytic coatings can be used in the repair industry as
a sublayer under decorative nickel and chromium coatiug, for protecting
against carbonization during casehardening and for making the work of
joining the surfaces of the components easier. Electrolytic copper plated
steel is sometimes used foT repairing worn out surfaces by a method of
electrolytic rubbing.

Cyanided copper electrolytes are not used in the repair industry because
of their harmfulness. Acid copper electrolytes (Table 110) are most often
used and sometimes pyrophosphoric acid.

Nickel electrolytic coatings are used in the repair industry for
decorative purposes, both as a sublayer under chromium (in 4-layer coatings)
and as a sublayer under copper (the same coatings) for guaranteeing the
necessary adhesion of the copper to the steel base. Nickel coatings
obtained in hot baths (by a method of chemical nickel plating) are
distinguished by high surface hardness and resistance to abrasion and can
be used for strengthening the mold and plating the surface of separate
components which are only slightly worn. The most widely used composition
of the solutions for electrolytic and chemical nickel plating are presented
in Tables Ill aizd 112.

Zinc coatings are widely used in the repair industry for protecting
standard components from corrosion. They can be applied electrolytically
by hot or other methods.

Electrolytic zinc plating is most often used in repair shops. The
most widely used compositions of acid, zinc (alkali), pyrophosphorus
and anmmoniated zinc electrolytes are presented in Table 113.

Cyanided zinc electrolytes because of their harmfulness in the
repair industry are not used.

One must keep in mind that there are large numbers of variations of
zinc electrolytes of each type.

The advantage of acid and zinc electrolytes is their comparative
cheapness, high current efficiency, light and stable color (for acid
electrolytes), thickness of deposit (for zinc electrolytes).

An inadequacy for both electrolytes is low dispersion capability and
it. this connection, the lack of ability to cover with an even layer,
compu,^-nts with complex configuration. For coating such complex components
it is recommended that one use pyrophosphorus ard particularly ammoniated
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electrolytes which possess good dispersion capability.

TABLE 105. CO4POSITION OF ELECTROLYTES AND
PROCEDURE OF OPERATION DURING RENOVATION OF

AUTOMOTIVE PARTS BY CHROME PLATING

"1 ________ 2 Co€Ta' memKTPOMIIITOD, 11.

-- 4 0 5 6 7

HamMeHoamic CeKTPOAH0oI " /eSto ;/ CCpuOKIICA U KPeH4TO.

0 CTPbHLXMA PI4CTbl KAJ2Ifl

14 Y•;iHepcaubibme:

l ........... 150-2001,5-2-

II . . . . . . . ... 200-250 2-2,5 -- -.

III ........... 300-350 3-3,5. 5- -

18 Cao•oerymipy'oumicn . . . 200-300 - 5,5-6,5 18-20 --

20 TecpaxpoMaTIMe (xoJao2AWe)1

I . . . . . . . ... 350-400 2-2,5 - - 40- (3

23
U ........... 300-350 0,7 - Omic, mr- 50-43

25 26III . . . . . . .. . . 340-360 2-2,5 Bo1301. ) 1aT OKICb Mar. 40-.fD
0.02

29 TeTpaxpo•,tar1U11 311a.oDo
CTp)ifi11ufl .............. ... 340-3502-2,5 - - 50-C)

32 Ca-:opcryjm1py1ouutlca TeTpa. 33 31
XpONMTIbtui. .......... 350-4001 - CepioKmic. OKmio, matr. -

.11ll1 K1(,11q,111IH ll 0.5--1.0

10-12
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Table 105, con't.
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- Key for Table 105: 1. Designation of electrolytes; 2. Composition
of electrolytes, g/2; 3. Chromium anhydride COST 2548-62;
4. Sulfuric acid GOST 2184-67; 5. Strontium sulfate;
6. Potassium fluosilicate; 7. Caustic soda; 8. Calcium
carbonate (chalk) GOST 4530-66; 9. Current density, A/dm2 ;
10. Temperature, °C; 11. Current efficiency, %; 12.
Approximate microhardness of the deposit, kg (force)/nmmt;
13. Use of the coating; 14. Universal: 15. ,For components
operating under wear; 16. Ditto; 17. For decorative purposes;
18. Self-regulating; 19. For components operating under
wear; 20. Tetrachromate (cold); 21. Sugar; 22. For
decorative coatings without a sublayer and for components operating
under wear; 23. Magnesium oxide; 24. Ditto; 25. Sodium
tungstate; 26. Magnesium oxide; 27. Sugar; 28. For

components operating under wear; 29. Tetrachromate anode-
flow; 30. Sugar; 31. Ditto; 32. Self-regulating tetra-
chromate; 33. Calcium sulfate; 34. Magnesium oxide.

TABLE 106. SOLUTIONS FOR ELECTROCHEMICAL DEGREASING
BEFORE ELECTROLYTIC COATING

S• B CooTU.,+ pUCTUOPo,1._el _

A W CtcUAut, aC AtruOpODula c•aio
KOMAOIIQlITau H pe•mIiM O6e30KWIpIIM1u2I I - - _- - -

I 1 1 2 1 3 1 __ I 1I ' 2

5 KaycTMMCC~an coaa, rOCT 2263-59
,mr 11078-G64 ..... ........... 60 100 - 40 - -

""i6 Ka. imnpouannan coha, FOCT 5100-64
1unu. 10689-63 . .......... . 40 - 30 20-10 30 30

)K o ,oCT 13078-67 12-3 2-3 2-3 8-10 - 30
pIaTPII4)OCqi.T, ['OCT 13493-68 -- - 50 10-15 20 -

8 9mynbraTopO1-7 (011-10) . . . . . - - - 5-10 -
U MU.IAO x03)dtcTucIIImoe . .... # . - (- -- - - 2-1 ,

11 0Tc,%nepaTy1, *C ......... .70- 75.-8 0 - 8070 80 C10-

12 fI.'OraHOcMb TOKa, alO/. . . .. 5--0 5-8 3-28 3-8 5-8 .3--

13 BPL MH,. Al" . .. .. . . . 7--10 5-7 5--1 5-8 2-3 5--V(

Key: A. Component and procedure of degreasing; B. Composition
of solutions, g/t; C. For steel components; D. For aluminum
alloys; 5. Caustic soda, GOST 2263-59 or 11078-64; 6. Calcined
soda, GOST 5100-64 or 10689-63; 7. Sodium silicate, GOST 13078-67;
8. Trisodium phosphate, GOST 13493-68; 9. Emulsifier OP-7
(OP-10); 10 Household soap; 11. Temperature, oC; 12. Current
density A/dm I; 13. Time, minutes.
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Key for Table 107: 1. Electrolytic process; 2. Material of
anode; 3. Material of bath lining; 4. Insulation of non-
plated surfaces; 5. Chrome plating: 6. In universal-elec-
trolyte; 7. Lead (GOST 3788-65) and 5-10% antimony (alloy);
8. Lead (COST 859-66) vinyl plastic, fluoroplastic brands 3 and 4
and all materials suitable for self-regulating electrolytes;
9. Polyvinyl chlorinated lacquer, cellulose nitrate varnish,
acid-resistant resin polyethylene, polychlorovinyl, plasticized
resin; 10. In a self-regulating electrolyte; 11. Lead and
5-10% tin (alloy), solder POS-40; 12. Diabasic blocks on acid-
proof cement, stainless steel lKH18N9T (10-12 mm), polychloro-
vinyl plasticized resin, organic glass; 13. A mixture of
30-35% soil GF-020 (no 138) and 65-70% cellulose nitrate
varnish or purified and dissolved in acetone movie film (3-4
layers); 14. In a tetrachromate electrolyte; 15. Lead;
lead and 5% antimony; 16. Any; 17. Chlorinated polyvinyl
chloride lacquer, cellulose nitrate varnish, acid resistant
resin, polyethylene, polychlorovinyl, plasticized resin,
18. Iron plating; 19. Steel 10; 20 (round); 20. Carbon
graphite blocks (antegmite ATM-l) on grease arzemite-4,
asbestos-vinyl, polyethelene, epoxy composition, acid proof
enamel; 21. Plasticized resin, textolite, ceresin 80 and 100,
cellulose nitrate varnish, bakelite varnish; 22. Copper
plating; 23. Copper Ml; M2; 24. Vinyl sheet, asbestos vinyl,
polyfluoroethylene resin, acid resistant resin, polyisobutylene
and other materials; 25. Composition of paste, % (according to
weight): paraffin--- 70, wax--- 10, colophony--- 10, bitumen---
10 (blended at l00-110ei for 20 minutes); 26. Nickel plating;
27. Nickel Nl, N2; 28. Vinyl sheet, asbestos vinyl,
polyfluoroethylene resin, acid resistant resin, polyiso-
butylene (1% sulfur additive recommended) and other ma-
terials; 29. Plasticized resin, textolite, ceresin 80 and 100,
cellulose nitrate varnish, bakelite varnish; 30. Zinc
plating; 31. Zinc (COST 3640-65) TSI, TS2, TS3; 32. Vinyl
sheet, asbestos vinyl, polyfluoroethylene resin, acid resistant
resin, polyisobutylene and other materials; for bell bath
rubberizing steel or wood; 33. Lead plated; 34. Lead
(COST 3778-65); 35. Vinyl sheet, polyfluoroethylene resin and
other materials; 36. Chemical nickel plating; 37. Glass,
porcelain, enamel sheet steel; 38. Plasticized resin,
cellulose nitrate varnish, chlorinated polyvinyl chloride
varnish.

Annotation. COST standards for plastics and synthetic
materials are shown in section II of this handbook.
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TABLE 107.* MATERIALS OF ANODES,. LININGS OF
ELECTROLYTIC BATHS AND INSULATION FOR NON-PLATED

SURFACES OF COMPONENTS AND BRACKETS
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r~mmlspouaimlan CUMJ~

33 34 Iiluel
Coisliucoaimue Cousiitt ý5 [3 mnAIIIIJCT, ClirOPO.(rocT 3778-65) IIAWcr ii .upyrne hMOTC*

plia.114 38
36 X1smitle"ccOe - 37Crex-lO, 4apKOP, rIJaCTII1aT, tiafloi
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TABLE 108. HOT ELECTROLYTES USED IN AUTOMOTIVE
REPAIR INDUSTRIES FORPE RCONDITIONING COMPONENTS BY

IRON PLATING

2 aimellC llOMIlIit COCT1D SCTorp IITOB., /IA

3 4 5 6

1 X,'lopnll- >KeCJrV'3oM8pIn iIaCrea fl ,t itc

|(oMnoiieilJ iI pem)KisM pfl6oliJ CTLf. 1il13, ,i(e,,30o. IKOilLt40l.

lpli ifpO
lll CljlJ 1111I 0.l

to,-aloro

irllTpal tl: | "COl31it

wllll

7 X.1oj)lCCo WCIO3o,
rIOCT 41.19-65 .... ....... 203 200-250 200-220 200 6r

8 CoAnmI ,, xlic~nora, rO OT 857- -

69 ................... 0,6-0.8 0,7-1,0j 0,6-0,8 0,8-!,2 2-2,5
9 XoMCTI,,l ,mprnl'ew, rocr

6L-67 (xJrop;ICTmt HIKCJ9b,

roC'r ,1233-06.) ...... . 20-30 30 (20)
10 XAlOj)1lCTbflf HlaT|)~ll,

rOCT 4233--66 . . * . . . - - 50 - -
11 TemnepalTypa, "C . . . , o . 50-60 60-80 50-70 70-80 30

12 11,OTHOcTM TOKa. a/0.5 12 . 10-80 30-40 25-40 -40 M0
13 Opneirmpo~olman N111l)OTBep-3ocTI OCAp.rp, KaI. •1,2, . . .. 350-500 600-650 -600 450-500)

Key: 1. Components and operating procedure; 2. Designation
and composition of electrolytes, g/,e; 3. Chlorine, low
concentration; 4. Iron-magnesium; 5. Iron-nickel;
6. Chlorine, high concentration for flow-type iron plating; 1

7. Ferrous chloride, COST 4149-65; 8. Hydrochloric acid,
GOST 857-69; 9. Manganese chloride, GOST 612-67 (nickei
chloride GOST 4233-66); 10. Sodium chloride, GOST 4233-bo';
11. Temperature, °C; 12. Density of cdrrent, A/dm2 ;
Approximate microhardness of deposit, kg (force)/mm2 .

1. Recommended by professors M. P. Melkov and P. Mirzoyants
for reconditioning fitted surfaces of the transmission.
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TABLE 109. COLD AND LOW TEMPERATURE ELECTROLYTES
t USED IN THE AUTOMOTIVE REPAIR INDUSTRY FOR

RECONDITIONING COMPONENTS WITH IRON PLATING

1111 10~ IH.I~J,.IflhI It COM11 CTd ' jIIIIOU.11 el.1

3 :-4 5 6 37tKo rOulcIIntb H pe*U1M )3J.mJ~ Iiflol{4rIll] [•I S ~ .qoptiC;O. O 6

J 11a Ileo telI•I k-_ ;: ,annroulllni •li
pa~oxm ].ore ac i'm m.e T 11m ,,,co lon 1(o l.] .= ;5 e,,K,.n1

I p uo.t To01 'J •' '• teTj):,. , I •j . .

3 XJ1oMIO CTOe Ceae3o,
rocr i119-65 . . . . 200 500 600--700 100- 600-700

200
9 Co.1511!. KICA, O0a

9'OCT 857-69 . . . . . .ib pl=1,5 1,5- --- ,6i11p08-102$0,• , -] , -1 o pll 0 8 -

12 XnopUcrUAi hmprmnca, 13 2,0 1,0 14
rOCT 612-67 ....... I o0,3c'rifl - 15--30 OXHcb UIMOM I

xa:,fi 20-30 Ii)n II d..]e 6,-
,• ~ ~~15 Cep,,olilicnoe mcile.3o, ,16 1.7 Kp'lh )••

- OCT 6981-5,i .-.. . . Cej)11.101 AC- A P61i11h 200--
KIIC:;1 a TafDn ImeC.uTa 1"(,) (3e)MI:TOCTbIO

0,001 0,5-2,0 M7) 75- 100

18 11.,OTHOCTI TORa, a/a.40 10-30 0--40 20-30 20-30 "0-25

19 Temieparypa. 'C . 18-20 '0--90 20-40 30-40 30-40

20 Opiiei 1 p01,o1o'ian M .IIK*

.1 .... ....... io 630 380- 600-7M) 600-- 700-900
630 750

Key: 1. Components and operating procedure; 2. Designation
and composition of electrolyte,, g/f; 3. For coating with
alternating asymmetrical current 1 ; 4. Average concentration,
chlorine; 5. Manganese chlorite, high concentration;
6. Sulfur chlorite; 7. Ceramic-metal 2 ; 8. Ferrous

chloride GOST 4149-65; 9. Hydrochloric acid, GOST 857-69;
10. Up to; 11. Up to; 12. Manganese chloride, GOST 612-67;
13. Potassium iodide; 14. Aluminum oxide in the form of
synthetic corundum EB-99 (granularity 17); 15. Iron sulfate,

GOST 6981-54; 16. Sulfuric acid; 17. Ascorbic acid;
18. Current density, A/dm2 ; 18. Temperature, °C; 20.

Approximate microhardne.s of deposit, kg (force)/inm2 .

1. By a methcd worked out at the Dnepropetrovsk Automotive
Factory.

2. Test electrolyte of the Kishinevskii Agricultural

Institute.
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TABLE 110. ACID ELECTRODES FOR COPPER PLATING CCMPONENTS

A , B mett,,ji e ,1 i(; I 1

AKOM iion Tn ii peKIIM p26Oibl B10i11 W , 1PoJIIIII . ,.

2 3

4 CepOiit.nas MCflb 'OCT 2142--67 2(X) 250-350 2.50-275 250

5 C•.p1t9 KHCJIOTa. rOCT 2184-67 50 60-75" 50-75 so

6 CniipT 'THilIOULf1, rOCT 8314-57 - - 8-10 --

7 Temnep~rypa, °C . . . . . . . . 18-25 30-40 40-45 18-20

8 1pnTIMn.cTh roKa. a,8M2 
. . .... 1-2 4-10 5--iS 200

Key: A. Cowponents and operating procedure; B. Acid
electrolytes, g/i; C. Acid for electrolytic rubbing;
4. Copper sulfate; 5. Sulfuric acid; 6. Ethyl alcohol,
GOST 8314-57; 7. Temperature, OC; 8. Current density,
A/dm2 .
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r

"TABLE ili. ELECTROLYTES FOR NICKEL PLATING OF
COMPONENTS

3J1POKTpOAHM' US Jiw mIKCopoBflHUAR IlTaMAc

KOM0O 1TIA H POK1IMIJ R 1O-T1[IJIJ 9ACIxTpOj1HTOB, el4

____o___A I 2 L 3 I 2"

6 Cepio Kmicamibl n1l.I
Kejnb, "OCT 2665-44 . 250-300 140-300 140-200 140-180 420

7 Xn0opHcTmA10 ,KeJb,
rOCT 40.38-61 . 60-80 - - - 30

8 Opia; KIICJIOTa,

rOCT p656-61 . 30-40 30 20 20-25 50

KoMnOIle.ITU 11 peKHMuu B COcM Inl 8,heKTPOMIuTOD. 0/4

PacTI"A I A 2 3 4_ 5_______ I
0 7opncTUfl IIaSpnfl.

FOC1' 2871-67 ... - 5-6 - - -
X~iopi~ciu~t HTpHfl, _

10 FOCT 4233-66 ... . 5-15 >ApnICTUri 5-10 -
xaadtr 20

12 CpuPoH•ucARi 11T- .
pdil, rOCT 6318-52 . - - 80-160 40-50 150

13 naP °=AcY•r"aJ1yt4,0. -- --M13 l, . .. .. . .. 2~ ,Talla AV1

,:a4ýT&AIIIIO88fl
KIUCAOTU -3-4

16
15 - KyMapim. . . * 01 - Cep11oKtIl-• • : .l~f Marmirli

17 Kisc-jOIOCTb pH 4.5-5,0 5,8-6,3 5,3 5,0-5,5 1,9-3,5
18 TeMneparypa, 0C 55-60 45-55 30-40 20-35 150-60

"19 nMOTHOCT, TOKM,
alO'.m ........ ... 4-6 1-3 2,5 0,5-1,0 'ao 10

Key: A. Components and operating procedure; B. Composition
of electrolytes, g/2; 6. Nickel sulfate, GOST 2665-44;
7. Nickel chloride, COST 4038-61; 8. Boric acid, COST 9656-61;
9. Sodium fluoride, COST 2871-67; 10. Sodium chloride,
COST 4233-66; 11. Potassium chloride; 12. Sodium sulfate,
COST 6318-52; 13. Paratoluenesulfamide; 14. Disulfonaphthalenic
acid 3-4; 15. Coumaran; 16. Magnesium sulfate; 17. 2Acidity
pH; 18. Temperature, °C; 19. Density of current A/dm2 .
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TABLE 112. SOLUTIONS FOR PLATING SURFACES
OF COMPONENTS BY A METHOD OF CHEMICAL NICKEL PLATING

A Co ( lI,ili pacduo.
S.Tu 11 p.mi, B poD, 4.,/

__________ I__ I I U -I

4 CepiiInO r tIIl lil-
Wit ... ..... 30 30 -

5 XJiop~lcTUr! II|I-
Re:CJ, . . . . . . .. - 30

6 ll F10111OC•j1IT IHa )IM R 15 15 10
7 ;.'1Cyc ocIOIclic bir,It.,I plil . .. . .. -- -- 10
8 Y.Vcyciias iiic-
";o ra ........... 10 - -

9 ,10.1n'a1an iic.
",T, .. . . - 30 -

10 1K11C:AOTIIOCTIb p1l 4.9-- 5--64,9-
5,2 5,2

11 T"leeplaTypa. 0C 88-90 6-SO 83-87
12 MII K)OTl°r10 IMOCTI,
" ovi,w:, ,'.'." . 600--700

13 .NWl1I)OM R OIbcJo ,h0VAC.: TepCdP1Nle~CCKo

o(pator•,l (400'C-
r', .rlm.2 . 900-950

Key: A. Components and operating procedure;
B. Composition of solutions, g/C; 4. Nickel
sulfate; 5. Nickel chloride; 6. Sodium
hypophosphite; 7. Sodium acetate; 8. Acetic
acid; 9. Malic acid; 10. Acidity pH;
11. Temperature, °C; 12. Microhardness of
deposit, kg (fcrce)/mm2 ; 13. Microhardness
after thermal processing (4OO°C--- 1 hour)
kg (force)/mm2.
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TABLE 113. ELECTROLYTES FOR ZINC PLATING
OF COMPONENTS

to3 0-

0 1- lo C4J

coo ~ COc

0 N 1., W

*• '-I -- °•i•
10

x - 4
S - N . 1o 0

to - .- C.
II

0 00
t. q x0

.o8

o •.0 o, ,
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Key for Table 113: 1. Parameters; 2. Electrolytes;
3. Acid (for bath and bell); 4. Zincate (for bath);
5. Zincate (for bath); 6. Pyrophosphoric acid (for bath);
7. Ammoniated (for bath and bell); 8. Acid (for electrolytic
rubbing); 9. Composition of electrolyte, g/9; 10. Dextrin;
11. Joiners glue; 12. Acidity pH; 13. Temperature, 0C;
14. Cathode density, A/dm2 .

* Or boric acid in the same quantity.
** In practice the acidity required is attained by adding

three or four drops of sulfuric acid per liter of the solution.
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§ 3. Metals and Alloys used in Automotive Repair Industries During
Mechanical Processing of Reconditioned Parts

Mechanical processing in the automotive repair industry uses in its
preparatory and final operations a variety of methods of reconditioning
worn out surfaces of parts. In all cases during reconditioning of the parts
processing of tempered surfaces is involved.

After plating components by metallization, surfacing, and chrome
plating, the reconditioned surfaces also are improved and in the latter case,
are very much harder. After metallization, manual and electrical impulse
surfacing, the components' surfaces are characterized by roughness and non-
uniformity in hardness of separate parts. In connection with this for
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mechanical processing of the reconditioned automotive parts along with
carbonalloy instrumental steel is widely used and hard alloys, abrasive
and diamond instruments as well.

In the automotive repair industry, foe' making variously shaped instru-
ments, high carbon, quality and higi-quality instrumental steels are
widely used (Tible 114 and 115), alloy instrumental steels (Tible 116) and
high-alloy quick-cutting instrumental steels (Table 117 and 118), with a
base of alloy components of tungsten, vanadium and chromium. In accordance
with COST instrumental alloy steel is supplied as: hot rolled batch, forged,
calibrated and polished (bright).

Quick cutting steels are designated for making cutting ik.struments of
high productivity with high resistance to wear, from which is required
preservation of cutting properties at temperatures from 600-700 0 C. The
symbols, basic properties, composition and areas of use of tungsten-cobalt
and titanium-tungsten alloys widely used during manufacture and repair
of automotive components are presented in Tables 119 and 120.

TABLE 114. CHEMICAL COMPOSITION AND HARDNESS
OF CARBON INSTRUMENTAL STEEL (GOST 1435-54)*

iM •,,, CT11J-e 2 NmiI,,.•cl,,l onnau. *'1 3 riw-,1,ocTI 12

4 5 6 7 .r Ipraiiec, - .n• ora n Ty-spa a
110 TYPOU 34-

- . iepoa 1 Co*Ka (OCH ttIII I1"I"1 )901 KaXfll~ , C
1ll1X CtemilIX * C11 0/ l HI:- C4 Co x,• co•, 18 19 T, ,,in x foc~i,•lu I

13 Y7 Y7A t,65-0,74 0,20-0,40 0.15-0.30 187 60-62 800-820

Y8 Y8A 0,75-0,81 0,20-0,40 0,15-0,30 187 G0-62 8W0-820
Y8r •SFA 0,80-0,90 0,35-0,60 0,35-0,60 187 60-62 7&0-800
Y9 Y9A 0,85-0,91 0, 15-0.35 0,15-0,30 192 63-65 760-78f)
Y10 YIOA 0,95-1,04 0,15-0,35 0,15-0,30 192 63-65 760-780
Y11 YIIA 1,05-1 W 0,15-0,35 0,15-0,30 192 63-65 760-780
Y12 Y•I2A 1,15--1,2,1 0,15-0,35 0,15-0,30 207 63-65 760-7(80
Y13 YIA3 1,25--1,35 0,15-0,35 0, 15-0,3(1 217 63-65 7t0-780

Key: 1. Brand of steel; 2. Chemical composition, %**;
3. Hardness; 4. Quality; 5. ;iigh-quality; 6. Carbon;
7. Manganese; 8. In quality steels; 9. In high-quality
steels; 10. After annealing in the condition delivered HB;
11. After tempering HRC; 12. Temperature of tempering, °C;
13. U.

* Instrumental carbon steel comea as hot-rolled, forged
and cold-drawn, round, hexahedral, strip and sections for files
(GOST 4405-48, 2879-57, 7417-57, 8559-57, 8560-57, 5210-50).

** Contents of other elements in quality steels: Si--- 0.15-
0.35; Cr--- not more than 0.20; S--- not more than 0.03;
P--- not more than 0.035; in high-quality steels: Si--- 0.15-0.30;

Cr--- not more than 0.15; S--- not more than 0.02; P--- not
more than 0.03.
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TABLE 115. EXAMPLES OF THE USE OF INSTRUMENTAL

CARBON STEELS IN AUTOMOTIVE MANUFACTURE AND REPAIR INDUSTRIES

AVlapit CULZMI, J2 1piloiIm.,. l IOe

3 Y7A; Y17 4 Y'7A - iirwo sowicieui OT11- 1 T O p 1c"i. 'P 10IP
M"1:1.,c0 , :'1I0ii01 110 s; N7 - .io ,le .1 TON, K)'"

5 •' 6 113hýo Oii.•elllle ii ilC0llU,• i0 11.l"1 J11III I Mlo•lh 11Ucl•
rap~j:oililixoli, ll0i{lll1 110 M (iia..ly' fl117 110 %iiii-R'OMy l"."Tlaly

7 Y8IiA, : 8 I p lr0 1J:eiIre iloucpellux 15.t:,3, IJI(M01,0111LIX lo:jil i.t :enir

9 Y9A; Y9 1.0 ifin. o0:3;leH hepitlou, ioo. IhII lep iup.C L a0
I I we l () 11 , APiy Cel a

1 1 I Y10A ,; YI0 12i1'W I ,,ltlh I Oh.,,UhelJ\ II i lf pll.I~ilh,.\ j, th(u. PlcI'l.IhOL,

13 YII \; Y11 1411, ) .o ellllt p)-1l4l90'1 % %¢ill1CIKIJ t II•i.', 11II.1. ,6p 'IIII.IX
11 11,I•. •'h IlnIJ ,llAA 110"ý , it il ,t OIm i ,•IF%['ht

•I ;' .7 , l'.Il,|l.'lI,~,TZit.t
157 YI.JA; •'13 12-1Jrot; c.Yi.e pt'1Lau ,'1.1;, TIr.ei,:jeI; O 1 2•c,.'.1o,1, c1407.l, P3,401-

SI P ll, ll u II.i1 
WblIIIKOh0

Key: 1. Brand of steel; 2. Use; 3. U7A; U7; 4. U7A---

making chisels, screwdrivers, lathe cores, marking irons;

U7--- ditto and besides, sledge haitmers, hammers, polishers,

carpenters tools; 5. U8A; U8; b. Making punches and dies

of simple shapes, marking irons, mandrels, meul cutters,

saws for soft metal and wood, parts ofpneumtaic cools;

7. U8C'; U8G; 8. Making cross cut saws, hand saw blades;
9. U9A, U9; 10. Making cores, mandrels, woodworking tools;

1f. UICA; U10; 12. Making lathe and planer blades, twist

drills, reamers, cutLing dies, milling cutrers; 13. UILA;
UIl; 14. Ma1 :ing hand twist drills, carpenters saws, ctLting

dies and milling cutters of simple shapes; i5. U12A; 1I2;

16. Making lathe and planer blades, twist drill', reamers,
cylindrical milling cutters, cutting dles, ocr'apers, metal

saws, files; 17. UI3A; U13; 18. Making cutters for hard

metals, drills, scrapers, files.
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A TABLE 116. LABELING AND DESIGNATION OF INSTRUMENTAL

ALLOY STEELS

1 ,%IUPKIt CTSaiI (I 0OCI 5'J50-U3)
2_.asiz pemyntlero ii wiemma n.oro

2 M I 3_ AA_ :1,..mo,__o/_o mc,!.o I_

iieriiy6ot~oll iipo4 I cy6oihOf Iw~o~ 11911 0~.O,~I~II11)11 .. 1 PA11I1Ifulh 1,A.1plioro iefl.
4 10az1iisa1UMoCT11 15 IValHui3eI•OCTII 16 u'Co,-O •) -17 I"00"'IY1o 1 8 -111"

9 10 it 12 13
7XM X oX 3X21181 ,IXC
8Xq) 9XC X6B$P 4XSB2 6XC
9X(P XBI' X 12 7X.i ,IX132C
lix 9X BI" X 12M 8XI 5XB2C
13X XBcr X 120 i 5XIIANI (XB2C
XB5 9X5$ 5XI:1 6XBr
BI 9XSBO 5XI IC13
q 3X4B0I,! (PLI) 5XI'B

,IX55.ICICM
4X235IAM
4X3I,2'1'2M2
4X5132J'C

Key: 1. Brand of steel (GOST 5950-63)*; 2. For cutting
and measuring instruments; 3. For punch instruments;
4. Shallow hardenability; 5. Deep hardenability; 6. During
cold deformation; 7. During hot deformation; 8. Impact
effect; 9. 7kMF; 8KIIF; 9KIIF; lIKH; 13K11; KIIV5; VI; F;
10. K1; 9KUIF; KHVG; 9K1IVG; K1IVSG; 9K115S; 9KH5VF; 3K114V4F1
(RC11); 11, 9KH; KII6VF; KHI2; KHM2M; KIII2FI; 12. 3K112V8F;
4KI18V2; 7KH3; 8K113; 5KUNM; 5KIINV; 5KHNSV; 5KHGM; 4KI5V4FSM;
4K112V5FM; 4K113V2F2M2; 4K1i5V2FS; 13. 41GilS; 6KHS; 4K0IV2S;
5KHV2S; RKIV2S; 6KHVG.

* in the designations of instrumental alloy steels, the
left cipher means the average content of carbon in tenths of
parts of per cent; if there is no cipher to the left of the
symbol, the quantity of carbon amounts to one to one and one
half per cent, the symbol of the presence and quantity of
alloy components is the same as for alloy structural steels
"(see § 2, Chapter 1).
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TABLE 117. LABELING, BASIC PROPERTIES AND DESIGNATION
OF QUICK-CUTTING STEELS

(rom, q373-t3O)* OC1l0fill~e Cl3OACTO81 H Ila3Iua~IHHC

1 2

3 P18 (PI8M) 4 BIA~COtall KpflCHOCTOflKOC, TDI3Cp2OClb 13 I0p$iviem COCTOHII;:u1 it
113:1OCOC0IKOAHO , xopoinafl wmIJoci Iit IIyponclnopli rclbIaf

pemytacro 111crpyW:IMIr, c~piyiatitcro A.i.i 06pa6omu MII frXIix smL

TVpniamaiti maeptan~I~~ofl L'pCtuICI !II~p~toCTII
5 P9 (P9M) ý IelcC 0oJbIKo 6o.1ft nw1COxiW CHUnicTIM, 'tes Y Craui P 18. B cusi.

~uxit uIIICi 1IIIJmPYn011 yioIICi noPCHoNICInYCTCH Angi 13roroune.
min ~maccoiuI0o flymIcro lliICrI))'NWHTa

7 P - 8 ATJlyuas IiiaCT1I1iioCM, 'ii.Nm Y CTr~ii P18. 11I.11lIpyecnc .y'line,

IMIiX iiiiCTp yNICITOII 1 ~ilK aMICiUi1 F1i. 91`11,X C Ia)iCrl
9 M13 10 jAY'Iii1 in IlJ18'1'iIOM. *101d Y CT8JIII P18 I. ilJIIiI+YIye Iylen c

Kiti cJayxi'miiero ms~i 06pu,16oTK~I AtCT~iJerl 1lpal 6onmbumx no,,aqaX
11 P 1802 12 flowu1l10ommilat 1I3IIOCOCTOAIIOCM HI iNpIcM~C1T~rIKOMTI no cp,,inhc-

1111110 CO CTaJ~ilma PIS it 119. I11i.liILJ)yC.OCTb YA)oIlPCti30IjiiTCJIblmail.
1 II~IHIMi1T 21J11 :l.roToiiJICdiMi pCXRY(MItX 1mic I I)Y.NICl1'0B Jill 06-,
pa6orxii NIcraiaou pa3rnitimOrf TtICPAOCTII, 0 TOM I 'iC~e liepH(Ka-
WJCOUUIlX H M~Dp0flp04libIX CTOAeifl

13 1)K3 4 131ACOMIRm Ilel)ROCTI. 11 I~plCIioCT~rih(OCTb. III-nMmjmyoNAc0M 1:01mim.
119K(10, meiasi 1 IpuIon H O111T AAAI i u ro ozticeim IMm ynmro milCTp Y,%CIrru,
P181(542 miCnIIIATInavitero npu PnOOR libICaMICi TC~fiCpaTYp~I-, 8 Taxmc

AM) 0Cmp,60Ti~n 1IMiOBCill3CI~iX 11 )Kapilp0npolmIX MTANI~, TRIM=pu
hmflT~iaJI~l) It CIIJ1I8HOD1

15 P905, 6 131iCOK,111 II3IIOCOCTOiIHOC-rb, 110 mtll3I(fl hIIJumtI~yCNlOCTh,. IIIpMiaC

P1404 11CH11110-i3rOTOWIJ~C1IIC I )xyuerci imuci pyMIcliTa, nIC10nain

WeAA o61puIOTKIml CTranci Cpc0iIICil TOCI)ROC11ci; NIM8TPIInoII,
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Key for Table 117: 1. Brand of steel (GOST 9373-60)*;
2. Basic properties and designation; 3. R18 (Rl8M);
4. High red hardness, hardness in a heated condition and
abrasion resistance, good elasticity and satisfactory polish-
ability. Used for making variously shaped cutting tools,
used for working with soft metals and materials of average
hardness; 5. R9 (R9M); 6. Somewhat higher properties than
for steel R18. Because of poorer polishability not recommended
for making large cutting instruments; 7. R12; 8. Better
plasticity than for steel R18. Polishes better than steel R9.
Used for making various cutting instruments as a substitute
for these steels; 9. R6M3; 10. Better plasticity than
for steel R18. Polishes better than steel R9. Expediently
used for making cutting instruments which test the dynamic
load and which are used for processing components during large
imputs; 11. R18F2; 12. Improves separation resistance and
red hardening in comparison with steels R18 and R9. Polish-
ability satisfactory. Used for making cutting instruments for
processing metals of various hardness including stainless and
heat resistant steels; 13. R9K5, R9KlO, RI8K5F2; 14. High-
hardness and red hardening. Polishability low. Used for
making cutting instruments which test work at high temperatures,
and also for processing stainless and heat resistant steels,
hard materials and alloys; 15. RMF5, R14F4; 16. High
abrasion resistance, but low polishability. Used--- making
cutting instruments intended for finishing operations
(eliminating fine etchings), and also for processing steel
of average hardness; materials which possess abrasive
properties (plastic, fiber, ebonite and so forth); heat-
resistant steels and alloys; 17. RlOK5F5; 18. High abrasion
resistance, improved hardness in hot state, red hardening.
Polishability low, used for making tools which are used for
processing hard metals and alloys, stainless and heat resistant
steels, and also for testing impact load during operation at
high temperatures.

* In a symbol of the steel the letter R means that it is
fast-cutting, the cipher to the right of this letter is the average
content of tungsten, the average content of vanadium (F), cobalt
(K), molybdenum (M) are designated by the numbers placed to the
right of the letter. Not shown in the symbol of fast-cutting
steel R9, R12, R18, R9K5, R9KlO,.R6M3: the content of chromium---
up to 4.4%, molybdenum up to 1, vanadium up to 2.6%.
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TABLE 118. CHEMICAL COMPOSITION OF FAST-CUTTING AND
ALLOYING INSTRUMENTAL STEELS MOST OFTEN USED

FOR MAKING CUTTING TOOLS WHICH ARE USED IN
THE AUTOMOTIVE MANUFACTURE AND AUTO REPAIR INDUSTRIES

1i 2 6 . ' ~~
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0, i),8i) i [19,0 1.4 I,.1 iou 1 ie.1'CliO

S16PIý 0,80- <(1,40 <o,.1(112,0- 1,5- 0,3 2,Us- N), l1i 21,11-2M,
7 0/ (),V) 19,0 1,9 3,3 .l i ll,0l, l!.,
1I11iM . 0,65- <0,'1(4 <0,40 17,5- 1,8- 0,5 3,-- 'illillii~j,, iii~w,".95 19,0 2.4 4. ,, u 0.'IM16 ii. .,1l.,.. 095 <0.401 <0.401 VC,1t1i1,,

1-104 1,*2- -.0,401 <0,40 13,0- 3, 4 -j 0,4 41,0-1191)elk 1w1, cII.J)Jnf,2 1,3 '11 4• 6IIII l
SIP9$I, I,,)- ;0,40 .0,40 9,0- ,1,3- 0,1 .,8- palogh,, ,2ai aa•

1,5 10,5 5,1 4.q

137

Key: 1. Groups of instrumental steels; 2. Brands of steels;
3. Carbon C; 4. Manganese Mn; 5. Silicon Si; 6. Tungsten
W; 7. Vanadium V; 8. MolybdenumMo; not more than; 9.
Chromium Cr; 10. Tools made from them; 11. Chemical composition,
%*; 12. Fast-cutting (GOST 9373-60); 13. R9; 14. Cutters,
drills, broaches for working hard materials up to 1IB 260-280,
milling cutter discs, worms, tt:rminals, cog-wheel cutters, counter-
bores, twist drills, saws for cutting metals; 15. RIB; 16. R12;

17. R18F2; 18. RlAF4; 19. Cutters, drills, broaches for
working material with a hardness up to JiB 280-320; 20. R9F5;
21. R18K5F2; 22. Cobalt; 23. Tnstrumental (GOST 5950-63);
24. KH; 25. Nickel; 26. Cuttei., drills, terminals and
cylindrical milling cutters, broacht -, cuttin, dies, calipers
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Key for Table 118, con't: and others; 27. 9KS; 28. KHVG;
?29. 9KIHVG;

* Content of sulfur for all steels--- not more than 0.03;
phosphorus--- not more than 0.03 or 0.035.

-
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TABLE 119. AREAS OF USE IN THE AUTOMOTIVE REPAIR
INDUSTRY FOR HARD CERAMIC METAL ALLOYS (COST 3882-67)

(Oi i flpi J1 1110I-11 U Ic101111'd1( k i,% Il TO II

I 2 34

5 Rojju~jpa~io. 6 nijjý, 7 I11,4COKan1 HsI11OCTOrl- 81AI 0o10lIlATeJildIorO 1010

IIOCTI, 1H L11eTIlbIX (flflimino 11 (IfCT-
hIOC 111 PACTOIIIOI LWA11lhh1111p11 6.11o

9 10 IMP1 AIuIr;INITCA6CI

1'10 A\ Fu'mt 6o.nie 0ci~c0i~fl 1.110 *eo

12 NleJII(0 .I CTPYKTYPIJ2 14
13IK(' M 13HzIcomai 11311OCOCT~irt- Itxis imooiioro TO'Icmmi'n TflCj'

11 13110 II0IX
1  'Ta:icii ilyCT(.hII1 aeono icniac

15 1.6 i:e c~ 17 I

BI(U IhI OCOCT'rofl(OCTb llj1e, im tiepteonloviO m mcr
Trjp0IIleOCTb 131,11C. 40M 1011('1111H If (j'j)e310p0I).II~lfl. 411I'
y 11~,aC (I110:*0 301 aIP011111 11l IPP3-

no.vim 1(1 101a.neili 113 lyryl-la. 0

1114 X Chliln.11011 1 II CICC CTO WIll ,C*

18 19 C(IN'NuIlleplii'lJ0I

BK6 113. i0 TONI 'Ih1C.-IC IanaruaaaCJcamIWX,
t1teICtjlx CUJW1"ooB it mapocrohi

21 22 23 24
1'11T,1110. r'30K4, 131ICOKIIII It1.11U0VCTOii 1J( niI m~ciovr'or. 10011011119 CT3

[IoJnb(ýpaMo- 'I151<6 KOCTb, YNIOpCIIIIJIfl rpO4- J16i, if oI IlOMq 'IICiC Ialli~l3CIIIIOIX
Gail 25 l10Cmh 26 1IMT1 ~ iIIpIIIIII

T 14K(6 11311OCOCTOflKOCT ' , Ino-27 It.jI Icpiiollor~o lOticlhhif CT.1
W1C, npO'IIIOCTh DIiII,:me1cM .flIi, if io Om'IicniCtanxin1.lfla'CIIX

'iic rotforo -nopo hiopC...0'1I10 iO I
28 29 I'p~l.~l:O1131M C 1111111l CTpyI(1Il

I'5K 10 IlpOIILT 0.II 4CNM 0 Rno 4Cpii( .,)ro T01ICI'II[ fphl

IfC I4IpIIIlCTONI pCe30111111f. 11 TOMI
if II1 I 110v fl.1.*inf.'jei t 11, if NII CTaJI-

31 32 A1,1 J'n;111,1X 1l0lIC;)IlI0CT4ii

'nm t ii Hpoll iiaci, "111I,1 [(11C.ii(1- 13 An) 1i nI fclr'I.0o 'ICPIOhiOrO TOW-C
COCTOflI(ocTI. mime1C -C I 111 vNpI Il1IlIIII Ili 11ililyitpflphhI.iXci

34 35 T ýmr4lp~tI
ritTailo0. T17K1<2 13wcoIC0ast npo-iloCTa9 7 A~im isimumoroI( -iopimInoro ro

ran rami 110111u1 CTr'IJII,I ld,% 110OIflmloIC 91
mlOJbI,4ipahlio. mrirOMROIIOlK HIM1 iI'mIm Hp.

Bailm K11, 31 lrpstneChimori oi(flitimoll1

-222-



Key for Table 119: 1. Group of alloys; 2. Brand of alloys;
3. Basic properties; 4. Use in cutting tools; 5. Tungsten;
6. VK2, VK3; 7. High abrasion resistance, average strength;
8. For final turning of surface components of forged and
non-ferrous alloys, in particular boring of cylinder blocks of
engines; 9. VK3M; 10. Even higher abrasion resistance
because of the fine structure; 11. Ditto; 12. VK6ii;
13. High abrasion resistance, higher strength than VK2 and
VK3; 14. For finishing turning of hard bronze, plastic,
tempered cast iron, stainless steel of austenite class: 15. VK6;
16. Abrasion resistance lower, strength Iatter than VK6M;
17. For rough and finishing turning and milling, reaming and
boring of parts made of cast iron including surfaced, non-
ferrous alloy and non-metallic materials; 18. VK8;
19. Abrasion resistance lower, strength greater than VK6;
20. For rough turning and milling of components made of
cast iron including surfaced, non-ferrous alloy and heat
resistant steels; 21. Titanium-tungsten; 22. T30K4,
TI5K6; 23. High abrasion resistance, average strength;
24. For finishing turning of steels including surfaced and
metallized; 25. T14K6; 26. Abrasion resistance lower,
strength higher than TOOK6; 27. For rough turning of steels
including filled and metallized when there is a continuous
section of etching, finishing when there is an alternating and
disconnected network of etching; 28. T5KlO; 29. Strength
higher than T14K6; 30. For rough turning when there are
alternate sections of etchings and disconnected cuts including
surfaced and metallized surfaces; 31. T5K12V; 32. Strength
higher, abrasion resistance lower than T5KIO; 33. For heavy
rough turning when there is impact load; 34. Titanium-
tantalum- tungsten; 35. TT7KI2; 36. High strength;
37. For heavy rough turning of steel forged pieces and pieces
that have been die cut when there is skin, cinder impurities
and non-metallic impurities.

-223-



TABLE 120. CHEMICAL COMPOSITION AND BASIC
MECHANICAL PROPERTIES OF HARD CERAMIC-METAL ALLOYS

(COST 3882-67)

CL 2

!to1

3,,, 49.;i.4;9 81 ' " . 't( •6,0

1I1I:i '.J7 -- 3 l00 89.,O1 l(K20 80 -- 20 191 8.,5
[L3,\M 97 -- 3 110 9l,(• flI(2' 75 -- 25 2:)0 •;,0

131,I 96 -- 4 135 89,5i [ 3(0l', (,6 30 ,4 9t, 9:2,0
BI(413 9C -- 4 1.10 88,1• TI51(6 79 15 6 I115 90.0
IIlv':\ 9.1 -- 6 135 9i0).1 1141(8 78 II 8 12; •s),•r;1K6 91t -- I,15 88,, ],K 10 85 C 9 1o5 l4,5

BlK($1 9,1 - 6 I50 is7: f, ,) . 83 5 I{;0 8s7.
B3K8 92 -- 8 l16i) 87,5,l TT71€,1 81 . (3tl 12 16l 817.(i
1K8B3 92 - 8 170 86i,51TTIOKI.8D 8?` :t 17, s 1.10 89.0iBKIC 90 - 10 160 87,t

Key: 1. Brand of hard alloy; 2. Approximate chemical
composition of the mixture, 7.; 3. Tungsten carbide;
4. Titanium (tantalum carbide) ; 5x Cobalt; 6. Yield
point during bending, kg (force)/nmi'; 7. Hardness HRC,
not less than; 8. VK2; VK3; VK3M; VK4; VK4V; VK6M; VK6;
VK6V; VK8; VK8V; VKl0; 9. VK15: VK20; vK25; T3K4; T15K6;
TI4K8; T5KI0; T5Kl2V; TT7Kl2; TTOK8B.

Bibliiogr aphy

I. GOST 1435-54, 5950-63, 9373-60, 5952-63, 3882-67.
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Section II. Non-Metallic Materials Used During the Operation and Repair
of Automobiles

CIHAPTER VI. PLASTIC SUBSTANCES

§ 1. General Propertieq of Polymers

Plastic substances (plastics) are compounds based on synthetic or
natural polymers. Also, softeners, fillers, hardeners, stabilizers,
dyes and other components c-. be added to the plastics.

The structure of the polymers can be linear, bifurcated or three
dimensional (lattice).

Polymers, depending on their composition and external conditions,
are found in two phase states: amorphous and crystalline. Amorphous
polymers depending on temperature can be in a vitreous, high-elastic
or viscous state. When lowering the temperature, the polymer goes through
these three states in the reverse order.

Crystalline polymers have hig;h-elastic and fluid states. Lattice
polymers do not have a fluid state. In a high-elastic state polym.ers are
capable of undergoing extremely large reversible deformation without
disintegration. Transition temperi::ires of polymers from one state to
another: glass point '.- and fluidity temperature Tt are basic characteristics
of amorphous polymers (Table 121). Thý,- glass point is characterized by
heat resistance of the components material if it must remain a solid body
under operating conditions (for example, a gear wheel); it is characterized
by resistance to frost of the material if the component at all times
must be in a high-elastic state (automotive tires, cable insulation, packing
components). The introduction into a polymer of a softener decreased the
glass point of the polymers.

When a polymer is in transition from an amorphous to a crystalline
state tensile strength and heit resistance increase. The presence of~the
amorphous phase decreased the rigidity of the system and makes it elastic.
In some industrial processes the content of amorphous phase in the crystalline
polymers is purposely increased which makes the finished product more
elastic. This is done by quickly cooling the p,.ymer melt which makes
crystallization difficult. This process is called tempering the polymer.

Depending on the procedure when heating, polymers can provisionally
be divided into thermalplastic and thermosetting. Thermoplastic polymers
(sheet and bifurcated) are softened during heating obtaining high plasticity
and they harden again during cooling; they can be dissolved in appropriate
solvents. Thermosetting polymers (depending on the number of cross
linP~ages in the structural lattice) are not able to be -iftened or can be
softened only insignificantly; they resist solvents or swell insignificantly.

Standard indicators of quality of plastics are determined by the
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following method.

Destructive stress during stretching (stretch yield point) is
determined by GOST 11262-68 as the relationship of the load under which
sample dissintegrates to the original area of cross section.

Destructive stress during compression (GOST 4651-68) of brittle
materials is defined as the quotient of the division of the greatest load
under which a sample disintegrates, or the appearance of cracks occurs in
the area of the cross section.

The yield point of the plastic sample when bending (GOST 4648-63)
is defined at temperatures 20 _ 20 C, and for setting plastics--- at 20
50C.

Heat resistance according to Martens (GOST 15089-69) is the provisional
'temperature which gives the comparative characteristic of the materials
during given test conditions. Testing does not give the upper limit of
operating temperatures which depend on specific conditions of operation.
Heat resistance according to Martens of non-filled polymers is close to
that of the glass point.

GOST 4650-65 (instead of GOST 4650-60) sets up a method of determining
the weight of water, absorbed by a sample as a result of its remaining in
waterfor a fixed period of time at a set temperature.
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TABLE 121. TRANSITION TEMPERATURES OF SOME POLYMERS

I 9,3011,V COCTOHIit' 0 yCAO ,x IpIX ,
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____ ___ ____ __ 14111111

7 0Propon.113CT 8 CpeuiM cTenei, p(it- -120 327 -
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Key: 1. Material; 2. Phase ,t:ate under operating conditions;
3. Temperature, oC [point]; 4. Glass Ts; 5. Melting Tpl;
6. Fluidity T.; 7. Polyfluoroethylene resin-4; 8. Average
degree of crystallization; 9. Polyproplene; 10. High
degree of crystallization; 11. Low density polyethylene;
12. Average degree of crystalli;-ation; 13. High density
polyethylene; 14. High degree of crystallization; 15.
Ethylcellulose; 16. Average degree of crystallization;
17. Polyamide; 1i. High degree of crystallization; 19.
Polystyrene;, 20. Amorphous; 21. Polyvinylchloride;
22. Polyformaldehyde; 23. High degree of crystallization;
24. Polymethylmethacrylate; 25. Amorphous; 26. Poly-
carbonate; 27. High degree of crystallization.

% 2. Properties of Plastic

Phenoplast is a thermosetting compound on a phenol-aldehyde resin
base. Depending on production conditions, the ratios of components, the
pH of the atmosphere, these resins can be divided into two basic groups:

novolacs (soluble phenol-formaldehyde resins]--- thermoplastic resins;

resols--- thermosetting resins, which are converted during heating or
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lengthy storage into a non-soluble infusible state. In the first stage
"A" (resol) they can be dissolved in alcohol and fused during heating;
in the next stage "B" (resitol) they lose the capability of dissolving,
but keep the ability to fuse during heating; in the final stage "C"
(resite) they become non-soluble and infusible during heating.

The novolacs are hard, brittle, transparent resins which are strengthened
by the presence of urotropin during heating.

The strengthened resol and novolac resins are resistant to water and
weak acid atmospheres, petroleum and organic solvents; they disintegrate
in an alkali atmosphere. Resite and phenoplast possess good dielectric
properties which decrease during humidifying or heating of electro-
industrial components. Characteristics of some phenoplasts are presented
in Table 122, 123 and 124. Polyamides are polymers of linear structure
which contain in their basic chain amide groups; polyamide resins are hard
substances with a high degree of crystallization; they are resistant to
oils, greases and alkalis; they do not dissolve, with rare exceptions, in
aliphatic, aromatic or chlorinated hydrocarbons, but they are not resistant
to phenols, concentrated mineral and organic acids. Characteristics of
polyamide resins are presented in Table 125.

In automobile repair factories they use withdrawal of caprone which
beforehand, they boil, degrease and dry, and also secondary caprone.
The secondary stock meal (VTU UKHP-88-59) supplied to industry does not
have stable properties and contains up to 107. low-molecular unions.

Powdered polyamides (VfU P-198-60) comes as fine powders; caprone,
P-68 and P-AK7 of two brands A and B. The powders are used for applying
a thin layer of polyamide on metallic surfaces as anti-friction abrasion
resisitant toatings. I

For improving opetational properties of polyamides anti-friction
additives are introduced: graphite, talc, barium sulfate, disulfate
of molybdenum.

The filled polyamides are put out under the following brands: P-68,
filled talc--- P-68TI0, P-68P20 (MRTU 6-05-1034-66), high-filled P-68T
(TPI NIIPM P-450-65); polyamide filled with graphite--- P-68G (TU NIIPM
P-422-65); polyamide, filled with molybdenum disulfide- --- P-68DM1.5
(11! NIIPM P-472-66); caprone, filled with colloidal graphite--- K-GIO
(TU NIIPM P-455-65).

Besides the brands enumerated the following filled polyamides are also
produced: P-68Ba5 (with BaSO4); K-T5 and K-TlO (caprone with talc);
K-DMI.5 (caprone with NoS2); K-BalO (caprone with BaSO4 ); P-AK7TlO,
P-AK7T20, P-AKUT40 (polyamide P-AK7 with various contents of talc);
P-AK7I'Yi (polyamide P-AK7 with MoS2).

Polyvinylchloride (PVMI), a thermophastic material obtained by
polymerization of vinylcliloride, is a white fine powder, soluble in
dichloroethane, cyclohexanon, dioxane, methylene chloride and others,
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swells in acetone, benzene and is not soluble in water, alcohol and
gasoline. PVKH is a chemical resistant material at a temperature up to
600C it is resistant to salt solutions, many acids and oxidation. At
20 0 C the polymer is resistant to concentrated solutions ofsulfuric and hydro-
chloric acid and to dilute nitric acid.

PVKH can be worked by various methods: vacuum forming, punching,
drilling, milling, planing, polishing, engraving, gluing, welding and others.
Depending on the method of working, one can turn the PVKH into rigid
plastic (non-elastic polyvinylchloride), soft plastic (plasticized PVKH),
porous plastic, very soft plastic (formoplast and hydroplast) and so forth.

When heating higher than 1400C thermo-disintegration of the PVKH
occurs because of the generation of gaseous hydrogen chloride. PVKH also
decomposes in light.

Polyvinylchloride is supplied to industry in a white powder by suspension
(MRTU 6-01-9-65) and latex method (MRTU 6-01-62). Rigid materials on a
PVKH base do not contain plasticizers in their composition and are obtained
by mixing a PVKH powder with stabilizers and fillers.

Properties of rigid plastics on a non-elastic PVKH base:

Yield point, kg (force)/cm2 :

Under compression . . . . . . . . . . . 800-1000
Under static bending . . . . . . . . . 1000-1200
During twisting .i. .............. 470
Modulus of elasticity during

stretching, kg (force)/cm2 ...... up to 40,000
Specific impact strength,

kg (force) cm/cm ...........
Withopt cutting . . . . . . . . . . .# . up to 150
With cutting ................. 7-10

Relative elongation during tearing, % . . . . . 10-50
Brinell hardness, kg (force)/m= 2 . . . . . . . 15-16
Heat resistance, oC . .. ... . . .. .. . 70-90
Specific heat capacity, cal/hr . degr . .... 0.2-0.63
Coefficient of heat conductivity,

kcal/m • hr .. .. . 0.13-0.14
Coefficient of thermal disintegration, 0-1:
Linear . . . . . . . . . . . . . . . . . . . 6.10 -1010
Volume . . . . . . . . . . . . . . 3 "-10-44 10

Frost resistance, OC . . . . . . . . . . . . . to -10
Specific electric resistance .......

Surface, ohm . . . . .. . .. ..... .

Dielectric permeability . . . . . . . . . ...
At 50 hertz . . . . . . . . . . . . . . . .. . 4
At 10 hertz . . . . . 3.1-3.4
Tangent of the angle of dielectric'loss: . .

At 50 hertz . . . . . . . . 0.02
At 10 hertz . . . 0.5-0.018

Electrical strength, kV/nm .......... 45
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A typical e,:cample of a rigid material is vinylplast obtained from
non-plasticized PVKH to which stabilizers and oiling substances are added;
the composiLon is thoroughly mixed and then subjected to plasticizing in
cylinders, calenders or extruded at 160-1800 C.

Vinylplast is produced in film (MRTU 6-05-1025-66), nheets (MRTU
6-11-2-64, GOST 9639-61), pipe, rods and section pieces (TJ MKHP 4251-54),
welding rods or welding vinylplast (STU 30-1230*'-62). The strength
properties of vinylplast change with time and to an even greater degree
with a change of temperature. Vinylplast is very sensitive to cutting.

Plasticized resins, soft (elastic) at ordinary temperatures of plastics
on a base of PVIGI, are obtained by introducing into the PVKII special
organic high-boiling liquids--- plasticizers. With an increased content
of plasticizer in the composition, the strength of the plasticized resin
decreases and the relative elongation during stretching increases. The
dielectric properties of PVKH are worse with an increase in the content of
plasticizer.

Polystyrene is obtained by polymerizing monomer-styrene.

Polystyrene possesses exceptionally high water resistance, dielectric
properties, alkali and acid resistance to all acids, including hydrofluoric
acid.

A disadvantage of polystyrene is its rigidity, tendency to form
cracks during aging, low heat resistance, poor strength, combustibility
poor resistance to benzene.

Block polystyrene is supplied according to GOST 9440-60 in granular
form in two brands: D--- for electrical insulation products and T for
industrial purposes and widely used products.

CopolymerizaLion of styrene with methylmethacrylate gives a
product which possesses properties of both the styrene and the
methylmethacrylate. It is very elastic, has high heat resistance, is not
affected by benzine or oil. Such a copolymer is produced under the
trademark MS (TU MKHP 240-60). The copolymer MSN (MRTU 6-05-960-65) is
a trn-component copolymer of styrene, methylmethacrylate and a
acrylonitrile; is supplied in granular form and has two brands, A and B.
The distinguishing properties of products MSN copolymers are good
weather resistance, low water absorption, resistance to benzine and oily
lubricants. Copolymer MSN is used for making visors, non-ferrous light
signals, parking lights and so forth.

Copolymers styrene with acrylonitrile SN is produced under several
trademarks: SN-10, SN-15, SN-20, SN-4B. Industry puts out non-plasticized
(SN-20, SN-28) and plasticized (SN-20P, SN-28P) copolymers dyed during
granulation or non-colored. They make storage tanks and sight glass
from the non-plasticized polymers.

If butadiene nitrile rubber SKN is added to finish copolymer SN-20
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or SN-28 and if mechanical-chemical grafting of one polymer to the other
is done, then one obtains impact resistant material SNP. Several brands
of SNP have been worked out which are distinguished by high strength
(SNP-0, SNP-1, SNP-2, SNP-3, SNP-4, SNP-5). SNP-2 material is resistant to
benzine, to oil, and to sea and salt water. Properties of polystyrene are
presented in Table 126.

Polyethylene is a high-molecular product of polymerization of ethylene.
The macro-molecules of polyethylene have a linear structure with a small
number of lateral branches. Polyethylene is a crystalline polymer at a
temperature about 200C. The degree of its crystallization reaches 55-92%
(depending on the production method).

Three types of polyethylene have industrial use: low density
polyethylene obtained under high pressure--- 1500 kg (force)/cm' (high
pressure polyethylene VD); pol ethylene obtained under average pressure---
approximately 50 kg (force)/cmý (average pressure polyethylene SD), and
high density polyethylene obtained under low pressure--- 5-6 kg (force)/cm2

(low pressure polyethylene ND). Polyethylene VD is produced according to
MRTU 6-05-889-66 in several brands. The crystallization of the polymer
decreases with an increase in temperature and when a temperature is higher
than the melting point (> 110 0C) polyethylene VD becomes amorphous.
Polyethylene VD is a horn-shaped product of a white color produced in
granular form of a poured mass 0.5-0.55 g/cm3 . The polyethylene granules
can be natural (white) color or dyed various colors.

Polyethylene ND is produced according to MRTU 6-05-890-66 of several
brands. The large molecular weight and higher degree of crystallization of
polyethylene ND in comparison with polyethylene VD causes an increase in
dencity, mechanical strength, modulus of elasticity under bending and heat
resistance. At a temperature higher than 1300C polyethylene ND becomes
amorphous. A corresponding change in specific volume occurs. The properties
of polyethylene are presented in Table 127.

Polyethylene is supplied in stabilized and non-stabilized form. For
symbols of thermal stability of polyethylene in the brand designation they
add the letter T; for example, P-4015-ET, for stabilizer--- the letter F;
for example, P-2070-PF. An addition of light-stabilizer 5% channel black
is indicated by the addition of the letter S, and 2% by the letter SH.

The properties of the polyethylene at room temperatures practically
do not change under the influence of concentrated acids--- hydrochloric,
sulfuric, hydrofluoric or also solutions of alkalis. Hydrochloric acid
and alkalis do not affect the polyethylene and at even higher temperatures
(up to 60 0 C); concentrated sulfuric acid at 500C causes insignificant
change in the polyethylene, concentrated nitric acid at a temperature
greater than 400C actively disintegrates it. At room temperature,
polyethylene is resistant to many organic liquids, but swells in hydrocarbons
and their colloidal derivitives. At a temperature higher than 700C
polyethylene dissolves in benzene, toluene, xylene, decalin, Tetralin,
carbon tetrachloride. During cooling of the solutions, the polyethylene
precipitates out. Water resistance of polyethylene is high: at 200C
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the weight limit of the quantity of water absorbed for standard samples of
polyethylene of low density is 0.1%, at 35 0 C it increases to 0.3%, at 50 0 C---
up to 0.5%, because the water penetrates to a depth of not more than 30-50
micrometers.

During repair of automobiles polyethylene is very widely used in the
form of articles and film. Powdered polyethylene is applied to metal by
gas flame, vortex, vibrational and other methods.

Acrylic plastics are polymers on the base of acrylic and methacrylic acid.
Of these acrylic materials, the sheet (organic glass) is the most widely
known (Table 128).

Illumination engineering organic glass (GOST 9784-61) comes as a non-
plasticized polymethyl methacrylic or its copolymers made murky by special
additives. Light engineering heat resistant organic glass (VTU VKHP 79-58)
comes as a polymethylmethacrylic, plasticized with dimethyl ethylene
glycol and made cloudy with polystyrene. Organic glass (commercial grade)
has types PA, PB, and PV (TU 26-54).

The combination of translucence with high mechanical strength, lightness
and high impact strength makes these materials especially suitable for
automobile and bus glass and in many other cases where shatterproof glass
is needed.

During repair of automobiles; equipment and industrial equipment
* fast hardening compositions are used on a base of derivitives of meth-

acrylic acids.

Self-hardening industrial acrylic AST-T (STU 79-56-1I(-62) is a
powder composition: polymethyl methacrylic--- 97%, ZnO-l.5, peroxide of
benzene--- 1.5% and liquid monomer (97% methyl methacrylic, 3% dimethyl
aniline). The powder can be combinediwith various fillers. The ratio of
powder and fluid is 2:1 or 1.5:1. When mixing the powder in a monomer a
mass is obtained which is quickly hardened as a result of the polymerization
of the monomer with the formation of macromolecules of linear structure.

Styracrylic brand TSH is a thermoplastic polymer consisting of finely
dispersed powder (polymer) and liquid (monomer). The powder is a copolymer
of methyl methacrylic (95%) with styrene (5%) obtained by their combined
polymerization in a 1% peroxide of benzene. The monomer consists of 99%
methyl methacrylic in which is dissolved 1% of dimethyl aniline.

Industrial styracrylic (pearl) is put out according to STU 30-1224-61.
The properties of the st'cengthened mass TSH and AST-T are presented in
Table 129.

Materials on a base of cellulose esters. The most widely known
polymer material made on a base of crude polymer, cellulose, is celluloid.
A disadvantage of celluloid is its flammabality, therefore it has become
displaced by other less flammable materials on a base of cellulose esters
(etrol) acetyl cellulose, acetobutyr-cellulose and ethyl cellulose etrols.
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Ni!rocellul6se and plasticizer-camphor are introduced into the
composition of celluloid. In the composition nf powdered and granular
etrols, cellulose esters are introduced with plasticizers (dibutylphthalate,
dioctylphthalate and others) with fillers (kaolin, carbon black and others)
and dyes. Etrols are suitable for processing by pressing, extruding and
casting undc-r pressure. Etrols are widely used for making automobile parts:
steering wheels, panels, knobs and so forth.

Basic properties of various etrols on a base of cellulose esters are
presented in Table 130.

Polyurethanes are obtained by combined condensation polymerization of
polyisocyanurins with polyglycols. Polyurethane PU-I (MRTU 6-M-881-62)
has the widest industrial value; it is processed in articles by a method
of castirig under pressure at temperature 176-180OC and possesses high
chemical resistance; rigid and elastic phenopolyurethanes are also made.

Gas filled plastics are divided into two types according to their
structure: cellular--- phenoplastic which comes in a hard foam with un-
connected cells, and porous--- poroplastic with connections between its
cells. Phenoplast is used as heat insulators, poroplast for making
automotive seats.

Phenopolyurethane PU-101 has a specific weight of 0.1-0.2 g/dm3 ,
heat conductivity--- 1.4 • 10-4 cal/sec • cm . , the stretch yiel.d
point--- 9.9-18.1 kg (force)/cm2 , the yield point under pressure---
5.5-22 kg (force)/cm2. Operatfng temperature of phenopolyurethanes
is acceptable up to 1200C.

Porolon, a soft porous material obtained during the interaction of
polyesters with desiccants.. Specific wei-ht--- 0.030-0.30 g/dm3 , heat
conductivity--- 1.12-2.23 cal/sec - cm 0, yield point during stretching---
6-10 kg (force)/cm2 , yield point during compression--- 10-14 kg (force)/cm2 .
Heat resistance of porolon--- 150 0 C.

Aminoplastics are pressed materials on a base of urea- or melamine-
formaldehyde resin and also urea-melamine-formaldehyde resins. The fillers
used are cellulose sulfide, cotton cellulose, asbestos, sawdust.

Necessary components of pressed compositions are lubricating and dye
additives--- stearates of calcium an'• zinc, stearin, lithopone (a mixture
of zinc sulfide and barium sulfate] and various dyes. Aminoplastics do not
have any odor, light resistance, and can be dyed in any shade of color and
is absolutely non-toxic.

The main disadvantage of an item made of aminoplastic on a base of urea-
formaldehyde resins is a tendency to crack during operation as a result of
continued chemical reaction and generation of volatile components. Another
disadvantage is high water absorption explained by the small molecular
weight and large particle size. Aminoplastics are made as pressed materials
(of powders and fibrous materials), layered plastics and porous materials.
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Aminoplastic (GOST 9359-60) comes as a pressed material on a base of
urea-formaldehyde resins and cellulose sulfides. They are put out in two
brands:

brand A--- for transparent articles;

brand B--- for non-transparent articles.

In texternal appearance it is a finely dispersed powder dyed to any
shade, without foreign material.

Mjpor is a porous material on a base of urea-formaldehyde resins, which
comes as a hard foam of white color with a microcellular structure. Mipor
is attained by mixing urea-formaldehyde resins with phenol-forming (a
detergent mixture of sulfonaphthenic acids) and a catalyst for strengthening
the latter by strengthening the shape, and drying at 30-350 C for three
periods of 24 hours. They are made in blocks dimensions 0.025 m3 , thickness
100 and 200 mm. Heat-resistant Mipor N and MRTU 6-05-1112-68 Mipor are
produced. Mipor must have a volume mass of not more than 20 kg/mi3 , a
coefficient of heat conductivity--- not more than 0.026 kcal/m • hr • degrees,
humidity not more than 12% and when compressing the material by 207% it must
not disintegrate. Mipor is used as a heat insulating material.

Polycarbonates are thermoplastic polyester resins from esters or acid
chlorides of carbonates and diphenols. Depending on the ratio of components
introduced one can obtain products which vary shaprly in structure and melting
point (in limits from 180-3000C). They are distinguished by stability
of measurements in a wide range of temperature, from -120 to +140 0 C, high
specific impact strength close to a temperature of -100 0 C, high electrical
insulating and mechanical properties, high heat-resistance, atmosphere
resistance and moisture resistance, resistance to oxidizing atmospheres at
bigh temperatures. Polycarbonates are soluble in keton esters, chlorinated
hydrocarbons. They are optically transparent.

Polycarbonate diflon (TU-262-63) is a product of poly-condensation of
difonilolpropane and phosgene; its external aspect is a white powder or
granules of light yellow to dark brown color.

In machine building one can make various types of housings and brackets,
gear and knuckle mechanisms and so forth.

Polyformaldehyde (polyoxymethylene) is a product of polymerization of
formaldehyde or its trimer-trioxide. In external form it is a white powder
which after processing has a color of ivoey with mother of pearl tones, and
is easily dyed.

Polyformaldehyde is a thermoplastic material with a high degree of
crystallization and possesses high chemical resistance; it is produced
according to MRTU 6-05-1018-66. Polyformaldehyde is used in machine
construction for making sleeves and sliding bearing bushes, gears and
other components.
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Polyfluoroethylene resins are polymers of fluoro-producing ethylenes.
They are mainly crystalline polymers; in comparison with other polymers they
crystallize relatively slowly.

Polytetrafluoroethylene (same as tefloni is a tetrafluoroethylene
polymer; it is a friable fibrous powder formed by pressing flat cakes,
caked at 360-3800 C in a solid non-porous mass of white or gray color, is
slightly translucent with a slippery surface.

Polytetrafluoroethylene (teflon) is produced according to GOST 10007-62
and is the most chemically resistant of all known materials--- plastics,
metals, glass, lacquers and alloys. Acids, oxides, alkalis, solvents
do not affect it.

Polytetrafluoroethylene is used for making bearings and for electrical
insulation film.

Polychlorotrifluoroethylene-3 and 3M are used mainly in suspension,
designated for applying as an anti-corrosion coating.

The properties of aminoplastics, polycarbonates, polyformaldehydes and
polytetrafluoroethylenes are presented in Table 131.
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TMINE 122. BRANDS, COMPOSITION) AND DESIGNA~TION OF PIIENOPIASTICS
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Key for Table 122: 1. Symbols and brand of material; 2. COST
or industrial specification; 3. Composition; 4. Designation;
5. Molding powder; K-15-2; K-17-2; K-20-2; K-119-2; K-15-2TSO;
K-15-2TSS; X-17-2TSO; K-17-2TSS; K-20-2TSO; K-20-2TSS; K-18-2;
K-18-2M; K-18-2TSO; K-18-2TSS; 6. COST 5689-66; 7. Novolacs
(soluble phenol-formaldehyde resin), sawdust, hexamethylenetetra-
mine, dye, lubricating substances; 8. Parts for general
industrialization; 9. K-18-37; K-214-43; K214 43T; K-2-43;
K-2-43T; 10. VTU 35-KHP-587-65, COST 5689-66, VTU P-70-61,
VTU P-70-62; 11. Novolacs, sawdust, or a mixture of organic
and mineral filler, hexamethylenetetramine lubricating substances;
12. Parts of the electrical system of tractors; 13. Binding
(pulverized bakelite): PB; PB-104; 14. COST 3552-63, MRTU
6-05-937-64; 15. Vinely ground novolacs with urotropin
(7.4%); 16. Abrasive discs and sandpaper sheets; 17. Molding
powder FKP-l; 18. COST 5689-60 (MRTU 6-05-1093-67); 19. Novolacs,
modified with caoutchouc, organic or mineral filler, dye,
hardening agent, lubricating substances; 20. Impact resistant
components; 21. Molding powder: phenollte-I (K-17-23;
K-18-23; K-20-23); 22. COST 5689-66; 23. Phenol-formaldehyde
resins, modified with polyvinyl chloride; organic filler,
hardener (hexamethylenetetramine), dye, lubricating substances;
24. Components resistant to the effect of humidity and
chemical solutions (covers and plugs of storage batteries and
others); 25. Natural fibers (molding material); 26. COST
5689-66; 27. Cellulose (cotton) fiber, impregnated with
resols, talc, lime or calcined magnesium, lubricating substances;
28. Switches, flanges, handles, brackets, gears; 29. Molding
material AT-4; 30 COST 10087-62; 31. Fiber glass impregnated
with modifier phenolformaldehyde resins; 32. Rotor of the
filter for centrifugal cleaning of the engine oil; 33. Hardened paper
of sheet electrical inUustry; 34. COST 2718-66; 35. Test
sulfate paper of phenol-cresol-, xylene-formaldehyde resins
or their mixtures; 36. Electrical equipment components;
37. Class-textolite KAST, KAST-R and KAST-V; 38. COST 10292-62;
39. Layered plastic on a base of fiber glass brand T and
reinforced fiber glass impregnated with a modifier of phenol-
formaldehyde resins; 40. Structural components; 41. Textolite
PTK, PT-I, PT; 42. COST 5-52; 43. Cotton fabric impregnated
with resol phenol-cresol- or xylene-formaldehyde resin;
44. Structural and electrical engineering parts; 45. Phenol-
formaldehyde resins; 46. COST 2230-43; 47. An alcohol
solution of novolac resins; 48. Lacquer, mastic and so forth;
49. Material for gas flame spraying: 50. NFN-12; 51. MRTU
6-05-1129-68; 52. Polyvinylbutyryl resin (54%), phenol-
formaldehyde (21%), graphite (23%), urtropin; 53. Coating on
components, covering dents in cabins, bodies and trim of
automobiles
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TABLE 123. PHYSICAL-MECHANICAL PROPERTIES OF PHENOPLASTICS
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Key for Table 123: 1. Brand; 2. Density kg /m 3 not more than;
3. Specific impact strength, kg (force) • cm/cm2 , not less
than; 4. Yield point, kg (force)/cm2 ; 5. During static
bending; 6. During compression; •. During stretching;
8. Brinell hardness kg (force)/mm ; 9. Heat resistance
according to Martens, °C, not less than; 10. Water absorption
for 24 hours, mg, not more than; 11. Oil resistance for 24
hours, %; 12 .Gasoline resistance for 24 hours, %; 13. K-18
(17, 15, 20)-2 TSO and TSS K-17 (15, 20, 118, 119)-2; 14. K-18 -2;
15. K-18-37; 16. K-214-43; K-214-43T; 17. K-2-43, K-2-43T;
18. FKP-1; 19. K17 (18, 20)-23 (phenolite-1).; 20. Voloknite
(fibrous); 21. K-6; 22. AG-4 brand V; 23. AG-4 brand S;
24. Textolite PT, PTK; 25. Glass textolite KAST; 26.
brand A and; 27. mg/dm2 ; 28. g/dm2 .

• V g/dm2 .
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TABLE 124. THE THERMA~L, PHYSICAL AND ELECTRICAL
PROPERTIES OF PHENOPLASTICS
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Key for Table 124: 1. Brand; 2. Thermal-physical
properties; 3. Coefficient of linear disintegration X 105
degrees' 1 ; 4. Coefficient of heat conductivity kcal/m X
hr • degrees; 5. Heat capacity, kg/degrees; 6. Coefficient
of temperature conductivity, X 105, m2 /hr; 7. Electrical
properties; 8. Specific electrical resistance; 9. Surface,
ohm, not less than; 10. Volume, ohm • cm, not less than;
11. Electrical strength, kV/mm, not less than; 12. Tangent
of the angle of dielectric loss at 50 hertz; 13. Dielectric
penetrability at 50 hertz; 14. K-15-2, K-20-2, K-18-2;
15. K-18-37; 16. K-214-43; 17. FKP-I; 18. Phenolite-l;
19. Voloknite; 20. K-6; 21. AG-4 brand V; 22. AG-4
brand S; 23. Textolite PT, PTK; 24. Glass textolite KAST;
25. Hardened paper of brands A and B.
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TABLE 125. PROPERTIES OF POLYAMID~S
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Key for Table 125: 1. Indicators; 2. P-68; 3. P-AK7;
4. Caprone; 5. Caprolone V; 6. P-548; 7. P-5ý;
8. Density, kg/m 3 ; 9. Yield point, kg (force)/cm ;
10. During stretching; 11. During compression; 12. Under
static bending; 13. Modulus of elasticity during stretching,
kg (force)/cm ; 14. Specific impact strength, kg (force) •
cm/cm2 ; 15. Relative elongation during tearing, %;
16. Brinell hardness, kg (force)/mm2 ; 17. Melting point,
0C; 18. Temperature resistance, Oc; 19. Vicat; 20. Martens;
21. Coefficient of heat conductivity, kcal - m • hr - degrees;
22. Specific temperature capacity, kcal/kg * degrees;
23. Coefficient of thermal linear disintegration, degrees1 ;

24. Water absorption during boiling in water for one hour,
%; 25. Maximum water absorption, %.
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TABLE 126. PROPERTIES OF POLYST`YROLS
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Key to Table 126: 1. Indicators; 2. Block copolymer;
3. SN-20; 4. SN-8; 5. MS; 6. MSN; 7. Impact strength
of polystyrol SNP-2; 8. Copol mers; 9. Density, kg/m 3 ;
10. Yield point, kg (force)/cm ; 11. During stretching;
12. During static bending; 13. Modulus of elasticity during
bending, kg (force)/cm2 ; 14. Specific impact strength,
kg (force) cm/cm2 ; 15. Relative elongation, tensile, %;
16. Brinell hardness, kg (force)/cm2 ; 17. Hleat resistance,
°C: 18. Vikat; 19. Martens; 20. Coefficient of thermal
linear disintegration, degrees- 1 ; 21. Upper limit of
operating temperature, °c; 2. Specific electrical resistance:
23. Surface, ohm; 26. Volume, ohm • cm; 25. Dielectric
penetrability; 26. At 103 hertz; 27. At 106 hertz;
28. Dielectric strength, kV/win; 29. Tangent of the angle of
dielectric loss at 10i hertz.
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TABLE 127. PROPERTIES OF POLYETHYLENE

1i ,i . I nOJWSIU1CI I T l o, i (I13on1 'loxlla~arcrn li!L(u;I31KoflhiI(I: L~cC(,,xOn'j cx~llI~l

5 moei~yrnipnufi uec . . . . . . . .. 1000- 70 000- 60 000-
45000 4103 000 400000

6 C'[eliClb IKpicTa.mjqI'lIIOCT1l, % . . .. 53-67 80--90 86-93
7 IL'oTIIOCT1,, KZ/M 3 . . . . .. . . . . .. . . . . 918-925 9,15-955 960-970
8 MolyAb ynpyrocTll npin i3ri;6e, [/c¢,M2 1 500-2500 55500-80 ;O08()0--10 500
9 I'IpeiCa. "rKy1CCTn 11pi pacT5iiKC11uiui,
K ../c .  .  . . . . . . . . . . . . . . . .  90-100 220-260 250-30010 171pWAA fl.,1 np1iCT11, 1',ICA921

1 npill paCTSReI1iI. ............ 120-160 220-320 270-330
12 V 113nrl6c ................ ... 120-170 200-350 250-400
13 (0o niac lTCbIloe y21.111uiciue npii pa3pl-0

13C, .. .. .. .. .. .. .. ... 150--IGO 400--8W 400--90

14 il ..... ; , .,.•.,,).K,jA• 
2  

. 1,4-2,5 4,5--5,8 5,-6,5
15 TeitincpaTypa n.'nanneiiiin, C ......... 105-108 120-125 127-130
16 Y2elblian 'rennoe.\sKocTb, KaOz.epaO 0,50-0,68 0,55 0,53-0,58
17 TOU.rOCTOrIUOCTb no M erony n'Ilrlnl, 0C 108--I10 120-128 128-133

18 KoB3OItIICenT Tep.%iiiqeCKoro pacwipe-
Moin, epa0- 1

19 ' .11111611l=ro o IITCpullC OT 0 AO 2, 2 12 -luo) OC . . . . . . . . . . . . . . . 2,2-10- - 2,2.1 - -

' 5,5.10-4 5,5.10-4
20 061eIIoro 10 IITepnaMe OT 50 110

iU0..C ................. 6,7.10-•-- 4.10-i 0,7.10-4
16,5.10-1 (20 -C) 16,5.10-1

21 MOpO3OCTOAICOCTI, (TeOmepaTypa xpyn- 28 0-7 7
KOMTlI), OC ............. ...... I-7ie 70 70

22 YiwaLe:lbllO o6Le~iIOft me 93•lTCllpLcK0
COllpOTIID Clllln., 0 I ,CA..1 ...... . ........ 1017 0 7 10 "

2 3 •l, AC Up l It ICC~ap un P 01a n n p o I II e C M .1oc r n-i2 ,
I00 eqit ..... ................ ... 2,2-2.3 2,1-2,4 2,3

241pll 100 zi . . . . . . . .. .. . .. 2i 0 4_ 2.1()-- 2.0 4- 2. 10-1-_

2 5 " ) plI lCl•PnCM h lIpO 'III OlCT , / ,IM -0 - 1 5 . 0 0 4 ,1 ,10 - 1

26 nlpii To10,IIlic o6pU13Ua I A111, , . . . *15-60 ,15-(O0 '13-( 0

27 , 2 .2 .. . 28-36 28-36 29-31

Reproduced frombest available copy.

Key: 1. Indicators; 2. Polyethylene VD (low density);
3. Polyethylene ND (high density); 4. Polyethylene SD;
5. Molecular weight; 6. Degree of crystallization, %
7. Density, kg/mr; 8. Modulus of elasticity during bpnding,
kg (force)/cm2 ; 9. Tensile yield point, kg (force)/cm ;
10. Yield point, kg (force)/cm2 ; 11. During stretching;
12. During bending; 13. Relative elongation during tearing,
%; 14. Brinell hardness, kg (force)/mmW; 15. Melting
point, °C; 16. Specific heat capacity, cal/g • degrees;
17. Heat resistance according to a method of NIIPP, °C;
18. Coefficient of thermal expansion, degrees- 1 : 19. Linear
in an interval from 0-100OC; 20. Volume in an interval of
50-I00oC; 21. Frost resistance (temperature of brittleness)0C; 22. Specific volume electrical resistance, ohm • cm;
23. Dielectric penetrability at l16 hertz; 24. Tangent of
the angle of dielectric loss at 10 hertz; 25. Dielectric
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Key for Table 127, con't: strength, kV/mm: 26. When
thickness of the sample is I umn; 27. When thickness of
the sample is 2 mm; 28. Below.

TABLE 128. OBTAINING ORGANIC GLASS

1. ,M' rxap~ 2 floay'iemie

3 CO.95, [*OCT 1W667-63; 4 llomIie r)IJ.IMTaIc pliliar, n-aCTII(IJIIIIItpc.
CO.T1-90, MPTY' 6.01-51-66; 0 fal'1iii 11116yrII.'aITaIM,7TO
COJI, ,'PTY 6.01-47-65

5 CO-120, roCT 10667-63; 6 6elacrIbsIIonflhyfl no.F1MCTIl5-
CT- 1- 110, AI'TY 6.01.51-66; [ : MeTa ipiJa"c A o6aB1ou3 r.clii,0c1I uMMM nIi
CT-I, MPTY 6.01-47-65

7 CO-I,-O, rocr 106(7-63; 8 Cono.10MtCp ua oCIlOne MeCTHelMCTap(tpi
2-55-133, •['T'Y 0-01-51-66; 11ara
2.55, MI'rY 0•101-17-65

9 T-235, Cry 12-;0-86-t0 0 ConA.illhjp 11. ocilo0e ,MITla..eTa!RpH
Xi, c o 16anlrod Tep.MOCTa6lll31lmpyiouie1 ro iomnoniilra

Key: 1. Brand; 2. Product; 3. SO-95, GOST 10667-63;
SOL-90, MRTU 6-01-51-66; SOL, MRTUJ 6-01-47-65; 4. Poly-
methylmethacrylate, plasticized dibutylphthalate; 5. SO-

120, GOST 10667-63; ST-I-1I0, MRTU 6-01-51-66; ST-i,
MRTU 6-01-47-65; 6. Non-plasticized polymethylmethacrylate
with an additive of phenolsalicylite; 7. CO-14, GOST
10667-63; 2-55-133, MRTU 6-01-51-66; 2-55, MRTU 6-01-47-65;
8. A copolymer on a base of methylmethacrylate; 9. T-2-35,
STU 12-10-86-60; 10. Copolymer on a base of methylmethacrylate
with an additive of a thermally stabilized component.
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TABLE 129. PROPERTIES OF STRENGTHENED COMPOUND AST T AND TSH

1 I 10KOJTAsae 1, 2 Tnv 3 ,ACr.'

4 1i.ortoct, ICZaIAI. . ..... ............ 1200 11,10-1180
5 -lpew IIpO',lIOCTII, KFr C,12iI

im v ru~e .............. 700-800 800-12009 cma1at.. .................. 1000-1203 1200-1600
8 , cPleicm,. .............. 600. 450--500
9 •.•le.b2ia$1 aaaPllal MB$3I(o0Th, x.cM/tlca . 12-15 8-12

i0 r"3DCPAIOCTb 110 Buiime.i.e w. tlo F/.A 2 .... 12-15 13-19
11 Te[MOCTOf(OM ii o 10MapreT cy1, C .... 90
12 loI9II)Jmmeiir ipemisi.. ...... .......... 0, 14--0, 16
13 13o~onori'oatemi, 3a 241 1 0.. . . . . . . . ,21 0,11
14 YcaAKa n1OCiie OTDep{cHIIMl', .. 0.2-0,3 0,4-0,6

Key: 1. Indicators; 2. TSH; 3. AST-T; 4. Density,
kg/m3 ; 5. Yield point, kg (force)/cm2 ; 6. During bending;
7. During compression; 8. During stretching; 9. Specific
impact strength, kg (force) • cm/cm2 ; 10. Brinell hardness,
kg (force)I/mm2 ; II. Martens heat resistance, oC;
12. Coefficient of friction; 13. Water absorption for 24
hours, %; 14. Shrinkage after hardening, %.
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TABLE 130. PROPERTIES OF ETROLS
S5 9TpO2U

fnOKa3aTCrAH Altieillte1• BuI tngen At1eo 06y"ni Joilo.IO:IIM .AO31114 •)31 ie •1W 00-103-

I 2 3 4

6 IIlOThOM-b & ... ... " ......... I ,100 I 070-1 080 I 5W--I 230
7 Ycammca npccConaiitb1x 1.32ACJAir, % . 0,9 .Lo 1 0,9
8 flpez n IIOI;IOCTII, KrICAI:

9 npu pacanmcim ... ............... 250-400 1,10-630 175-470
c0naT...... ............ 500--575 300-I 000 525-1 MOo

3 :3ri6e ............. 450-500 250 140-910
01 (lOClTeJnblOe yrnimeime up:i pa3pbi.

e, 1..o ........ .......... ...... 7-15 5-40 40-8013 Y:=4m.,1a1 yAapllaan 1Ifl3IOCTb. Kr.C.U/CAi 2  15-35 20 40-80
14 10Ay.11b ynlpyroCTIt 1ipil paCrMl(Ce1111l.

.r./CM... .................... .... 20000- 7 000-24 000 4 0OW-- 14 000
25 000

15 "renIIoCin(OCTb, Kalle.epa. ...... .... 0,36 0,3 --0,.;6 0,4416 Ten10CT0ril;0CTb 1O Mapreiicy, 0C . . 45 35-10 .15-6017 "fen~onpoliomlocm, xaa / ce,. c.t. elaaX17............0 .. .................. 3,3-8,7 3,8-6,3 4,5-7,8

I ( 2 3 4 -

18Vy2Ce.J1b1oC ro0Bepx1ocTiioe C011poTH1Je-
'fl,, 11 o . . . . . . . . . . . . . . .. . 1.1011- 1. I012-

19 YAelbioe 0610M1o1C ConpOTHBI.lci e, 1u1013 1.101

0., m .... ... . ... . . . .. .. . I.10I2- 7. 10Ib 1,1011-8. 1()13 I. 1020"O.1CeTpnCc1(an l1po,0.ocmb, K6/MM . • 10-13,5 21,5 10.-16
21 Ta1 rec yrna A1193JQXCCTp),lqecfct X noTepbn2li tiacToTC 10 eq. .... ..... 0,01-0, 1 0,026 0,01-0,05

23 TemeCl)aTypa, OC ............ 200-220 190-220 180-20024 Y•,C.wloe lnwiame. eI, .r/cM , . .. 800-2000 800-2 000 800-2 00,)

Key: 1. Indicators; 2. Acetylcellulose; 3. Ethyl-
cellulose; 4. Acetylbutyratecellulose; 5. Etrols;
6. Density, kg/m2 ; 7. Shrinkage of molded product, %;
8. Yield point, kg (force)/cm2 ; 9. During stretching;
10. During compression; 11. During bending; 12. Relative
elongation during tearing, %; 13. Specific impact strength,
kg (force) . cm/cm2 ; 14. Modulus of elasticity during
stretching, kg (force)/cm2 ; 15. Heat capacity, cal/g • degrees;
16. Heat resistance, Martens, °C; 17. Heat conductivity,
cal/sec cm • degrees X 10-4; 18. Specific surface
resistance, ohm; 19. Specific volume resistance, ohm • cm;
20. Dielectric strength, kV/mm; 21. Tangent of the angl, of
dielectric loss with frequency 106 hertz; 22. Procedure of
casting under pressure: 23. Temperature, OC; 24. Specific
pressure, kg (force)/cm2 .
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TABLE 131. PROPERTIES OF PLASTICS

HWNC~lailI 10183-AumiIon~acT 110OifKap10oi1aT flon14)OP O'TOPOflJUCT.4
_ 2 34 _

6 rlalOTIOCTb., gq/M
3  

1 200 1400 2150-2200
7 [1PeOie Hf~lpou0CTlI,

tdl/cAO:

8 npul PacTnHc;IM - 600-700 650-700 140-250
9 3, CMaTII . . - 800-9(X) 1300 -

1.0 * 13ra6e . .600-800 1 060-1 IGO 600-1 100 1 10-~-r uI'
11 Moay.ii. yflpyroCT11

- 22 000 - 24C000 42 00a l'6
4 "100-8 500

811,3I(ocm 6e3 Ifla~pce3a
h-mc1"... 5-6 120-140 75-130 IGO

13 Tuep,1ocM[t Sit-
lfC~jo.i'7.1A1 .. -15-IG 20-25 3-4

14 OT'IOC;ITC-11,IIOC VA-

13C ,o . - - 20-103i 20-40-

COllpOTIIIJ.eil1le. 0.1t~.01 1. lo11 1. l011 6.1014-

.Mipaelcy, Ica . .

17 fl:WMAOCT6.Iiocm
IBitha. 'c........ . .. .- 1 6)-170
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Key for Table 131: 1. Designation of indicators; 2. Amino-
plastics; 3. Polycarbonates (diflon); 4. Polyformaldehyde;
5. Polytetrafluoroethylene; 6. Density, kg/m ; 7. Yield
point, kg (force)/cm2 : 8. During stretching; 9. During
compression; 10. During bending; 11. Modulus of elasticity
during stretching, kg (force)/cm ; 12. Specific impact strength
without cutting, kg • cm/cm2 ; 13. Brinell hardness, kg
(force)/mm2 ; 14. Relative elongation during tearing, %;
15. Specific volume resistance, ohm • cm; 16. Martens heat
resistance, oc; 17. Vikat heat resistance, 0C; 18. During
bending.
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CHAPTER VIi. RESIN MATERIALS

§ 1. Properties of Caoutchoucs and Resins

Resin products are widely used in automobiles, answering varied
requirements tia relation to heat resistance, frost resistance, chemical
resistance, hardness, plasticity, elasticity. Natural (NK) or synthetic
(SK) caoutchouc is the raw material for resins. Caoutchouc is not used in
its original state for parts because of its high plasticity.

The process of turning plastic caoutchouc into an elastic resin calls
for vulcanization, which is a process of cross-linking linear macro-molecules
in a sparsely latticed structure. Sulfur, thiuram, diphenylguanidine,
diazonium compound are used as vulcanizing agents and vulcanization accelerants
Fillers (chalk, talc, zinc oxide, silicon oxide, magnesium carbonate, carbon
black) are introduced into the composition of resin mixtures (raw resins)
along with caoutchouc and vulcanizing agents; stabilizers, softeners,
inhibitors of sub-vulcanization and other special ingredients are also
added. A vulcanized resin mixture resultr in vulcanized rubber or resin.

Properties of the resin are determined by the type of caoutchouc used.

Isoprenes (SKI), butadiene styrols (SKS), butadiene methyl styrols
(SKMS), butyl rubber, divinyl rubber (SKD) are the main SK types used for
production of tires; sometimes sodium butadiene rubber SKB and chloro-
prene rubber (nyrite) are sometimes used for tires. Resins on an NK
base are distinguished by high tensile strength ( ý 230 kg (force)/cm2 )
and resistance to wear, high frost resistance, plasticity. Raw resin with
an NP base possesses a good capability to adhere; NP surpases all SK
In this.

The elastic properties of SNI and SNI-3 are better than all other SK
and are practically on a par with NP; but resin mixtures which contain SKI
and SKI-3 possess less ability to adhere and poorer industrial properties
than a mixture on an NK base.

Resins on a base of SKS are distinguished by a high magnitude of
tensile strength and resistance to wear. The mechanical properties depend
on the content of styrol in the raw rubber: with an increased amount, rigidity
increases and the elasticity of the resin decreases. Resins SKS swell in
petroleum oils and non-polar solvents. Heat resistance is up to 80-1000C.
Adhesive capability of the raw resin is not satisfactory. Caoutchouc
SKS-30ARKM (30--- content of styrol in %, ARKM--- shows the conditions of
polymerization less) has a wide use. SKS and SKMS are the most widely used
raw rubbers in tire production.

In recent years output is based on divinylmethylstyrol SKMS-30ARKM-15
and divinylstyrol SKS-30ARKM-15 (COST 11138-65) raw rubbers, which surpass
other butadiene styrol rubbers in elasticity, strength of cord and other
properties.
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Resins on a butyl rubber base possess good resistance to the
atmosphere, increased heat resistance (up to 120 0 C), are not penetrated by
gases and have sufficiently high mechanical strength, resistance to the
effect of oxygen and ozonization in the atmosphere. This essentially
determines its use for making innertubes, hermetically sealed layers of
tubeless tires and boiling rooms. Butyl rubber mixes poorly with other
caoutchoucs and vulcanizes more slowly.

Resins on an SKB base, in comparison with NK resins, have less strength,
elasticity, frost resistance, but have greater heat resistance. Raw SKB
resin possesses low adhesion capability. Resins made from SKB have low
abrasion resistance.

Resins on an SKD base have elasticity close to that of resins on an
NK base, and surpass them in abrasion resistance, frost resistance, and
lower heat generation, but are not as good in resistance to shredding and
peeling (chipping) of the treads. Divinyl rubber is the best caoutchouc
for making tires. Resins on a nyrite base are distinguished by high
mechanical strength, increased heat resistance (up to +1200C), low frost
resistance (to -450C), high resistance to the atmosphere. They swell
slightly in petroleum oils, gasoline, kerosene. Adhesive capability of
resin mixtures is high. From nyrite brand A and S glues are made for
production of curing tubes of butyl rubber.

Resins on an SKN base possess high benzene and oil resistance. They
oxidize under the effect of oxygen in the atmosphere. Adhesion capability
of raw resin is low. Mixtures on an SKN base are attached to metal using
an application on the metal of chlorinated rubber ,n toluene. Resins on
an SKN base are produced with the following brands: SKN-18, SKW-26 and
SKN-40. Their use for making various resin-industrial articles, which
operate in contact with lubricating oils, gasolirkes and othei types of
fuels and solvents.

Resins on a base of polyurethane rubber possess high strength, abrasion
resistance, and also high resistance to the effect of low temperatures,
grease, oxygen and ozone. These rubbers are the greatest value for making
old tire treads of type RS.

There are also polyisobutylene, polysulfide (Thiocol) and polysiloxane
(organic silicon) rubber. Sometimes reclaimed rubber is substituted for
caoutchouc.

Reclaimed rubber is an elastic material obtained by reprocessing
old resin articles (casings, treads, galloshes and so forth) and byproducts
of resin production. Resin items from relcaimed rubber possess higher oil
and gasoline resistance, resistance to acids and alkalis, but for
physical-mechanical properties.

The characteristic of properties of resins casings are presented in
Table 132.
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§ Materials for Resin-Industrial Items

Non-vulcanized commercial resins (resin mixtures) used in various
areas sof the domestic industry, are produced by rolling or calendering.
Non-ýjlcaniged resins are divided into groups (Table 133). The numbers of
the groups of resins designate: A--- soft; B--- average hardness; C---
increased hardness.

Rolled resin mixtures are made in the form of sheets thickness up to
30 mm; calendered mixtures are produced in sheets with a thickness from
0.5-6 mm.

Non-vulcanized resins must be stored in darkened rooms at temperature
from 5-25°C. Calendered non-vulcanized resin mixtures are stored in cylinders
in suspension.

Storage Time

Group Time, months

IV, VI ........... .................... 3

I, II, III, V .................................... 4
For rolled resins besides group IV, produced

without vulcanizing agents ...................... 9

The classification of formulas for resin mixtures is presented in
Table 134.
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TABLE 132. PROPERTIES OF CASING AND TREAD RESINS
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Table 132, con't.
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Key for Table 132: 1. Indicators; 2. Value of indicators of
standards of pneumatic tires; 3. Light automobiles, GOST 4754-64;
4. Trucks, buses, trailors, GOST 5513-69; 5. Heavy duty
automobiles, GOST 8430-67; 6. Casings for tires; 7. For
remaining tires; 8. For tubes; 9. Resins for tire
treads up to 260-508; 10. For tubes; 11. Intended up to
15.00-20; 12. Intended from 15.00-20 up to 760-838;
13. For casings; 14. For tubes; 15. For casings; 16. For

tubes; 17. Yield point during tearing, kg (force)/cm , not
less than; 18. Relative elongation, %, not less than; 19.
Residual elongation, %, not more than; 20. Resistance to
shredding, kg (force)/cm, not less than; 21. liarIness,
according to GOST 263-53 in limits; 22. Wear, cm /kw • hr,
not more than; 23. Resistance to delamination, kg (force)/cm,
not less than: 24. Tread--- sidewall; 25. Sidewall--- carcass;
26. Edges--- carcass and between layers of the carcass;
27. Hermetic layer--- carcass for tubeless tire; 28. Tensile
strength of casing seams (end joints), kg (force)/cm2 , not
less than; 29. Delamination resistance of casing seams (over-
lapping seam), kg (force)/cm, not less than; 30. 50% of the
tensile yield point of the tube.

Annotation. For casings and tires, indicators are shown of
tread material.
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§ 3. Tire Repair Materials

Non-vulcanized materials for repair of pneumatic tires (COST 2631-60)
are divided into resin, resin-fiber and adhesive (Table 135). The adhesive
comes as a solution of adhesive carbon black filler resin mixtures in gaso-
line "Galosh" (COST 443-56).

The resin for shaping the treads comes in two types: A--- for repair-
ing tires by superimposing tire treads; B--- for repairing tires
by superimposing complete sections of tread.

Requirements accepted for tire repair materials after vulcanization
are presented in Table 136.

Tube resin mixtures, according to compound and properties, are not
distinguished from resins used in tire manufacture for making tubes.

For making patches, when their use can repair damaged sections of the
tire carcass, one can use trimmed cord of various fibers (cotton, viscose,
caprone). It is recommended that one use the same cord as that from which
the carcass of the tread being repaired is made (cord of caprone fiber
can be used in all cases).

Cord made of polyamide fiber (caprone) is distinguished by high strength
of a single thread, no matter how small its thickness, which permits obtaining
a uniform layer of patching with a significant decrease in thickness and
mass. The use of such patching dcrci••es the unbalance of the casing,
improves heat removal in the zone of the repair and consequently improves
operating capability of the repaired tires. A resin mixture for adhesives
is produced in the form of an industrial talc of vulcanized plates, thickness
10 - 3 mm. In order to avoid sub-vulcanization of the resin mixture, it is
recommended that it is made without accelerants introduced into the process
of making the adhesive. The consumer must be forewarned that the resin
mixture supplied does not have an accelerant. The necessary quantity of
accelerant must be delivered along with the resin.

Such a quantity of resin mixture show, ' ight, %, for the concentra-
tion of adhesive is introduced per one hunured parts by weight of adhesive
produced, or a ratio of parts by weight of the resin mixture to the parts
by weight of the solvent. For example, the adhesive concentration 1:10
means that I kg of the mixture is dissolved in 10 kg of the solvent.

For repair of pneumatic tires under conditions oi e road, special
kits are produced (COST 5170-65). Depending on what the kit is intended
for, they can be of the following types (Table 137):

ARG--- for tires, of trucks, tractors and agricultural machinery;

ARL--- for tires tubes of light automobiles;

ARB--- for tubeless tires of light automobiles;
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AG--- for tires of automobiles and agricultural machinery (garage
kit).

The resin corded vulcanized patches are covered with an adhesive layer
of self-vulcanizing resin on the convex side and also inside the cap. The
thickness of the adhesive layer applied to the surface of the cap of resin
and resin cord patches must not exceed 0.3-0.5 mm. The area of the patch
on the surface of the adhesive layer must not exceed 20 mm2 , without exposing
the resin.

The surface of the adhesive layer must be covered with a polyethylene
film. The self-vulcanizing resin adhesive must have a concentration of 5 -
1% in dry residue. When attaching resin or resin cord patches to a
vulcanized resin with a self-vulcanizing adhesive the strength of the union
after about 2 hours at room temperature must be not less than 1.5 kg
(force)/cm. A resin paste must have a concentration of 42 ± 3% in dry
residue.

TABLE 133. CHARACTERISTICS OF RESIN GROUPS (ACCORDING TO TU
38-5-815-67)

irgnepw'ypnue ycnonun
rpynna pC31111 1111M I |-1lq'll( p.160OTIJ

4 Ia, 16, IB 5 Jan RoMA, o03ayxa u cn6Wux pa'CT- 6Or --3'0C Ao +500C
nlojon II IlCtJ!O'iCII

7 I"a, 116, I1 8qenocTofie e e Boolu oro niapa'.'10 11 ao +11 I CpCeA o3.

13 1a, I1, 1ilB MOpO3OCTOrIMIIC 2 OT -•0) C 1,O +-)OrC
13 IVa, IV6, IVD 14 maco. it 6ennaoc'orite 15 1 -450 C 1+50'C
16 Va V6, Vn 17 C noiiticimori iacjo- It 6elI30?TOft" 18 2 -- ," C I ,,30'C• . IJO00 blO

19 VI b•0 1IlOoble 0MII (11M] HAOC1) 21 --30' c -, +05C

Key: 1. Resin group; 2. Designation; 3. Temperature of
operating conditions; 4. Ia, Ib, Iv; 5. For water, air
and weak solutions and alkalis; 6. From -30OC to +500C;
7. Ila, lib, Ilv; 8. Heat resistance; 9. In an atmosphere
of steam up to +1400C in an atmosphere of air; 10. Ilia,
Illb, lIlv; 11. Frost resistance; 12. From -300C to
+90°C; 13. IVa, IVb, IVy; 14. Oil and gasoline resistant;
15. From -450C to +50 0 C; 16. Va, Vb, Vv: 17. With increased
oil and gasoline resistance; 18. From -300C to +500C;
19. VI; 20. Resin mixtures (for adhesives); 21. From -300C
to +500c.
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TABLE 134. CLASSIFICATION OF RESINS ACCORDING TO DESIGNATION

lll il I~IT(' l,•,

Mapxa pee(sulta ptr.IA.A (. Pa6co, n Ii jrOTORTUnIMUC. a07ael)~

SI :10

7 - -- 2-I-1 4 ' 5

7 os03.11 -o -I -i) 8Mic-ro 1! TOI ronni"o AMOpTII3aIIIIOIIIILIC
8470 - -I" 80 IM :n

1221 7O --0 -40 80 L 1 3onla i 1o03tyX120.c,, 11-26 -- 4 5 ""85,; 10 To m¢e
18417; 2462. 6390;

2959: 331h I49el.514355 -5f) + 80) 13 3 14
12 ,,v,(,, -- ,N) - 0l(01 A;,~IU1 11 Tonnr [M1unILnnl0le

,00341-I; 3190-Hl -W0 +1-,0 To ,Ke Ife AJIM V eno,; mlolux
6PI1-IC. 25,12.11 -35 4--1I zyn,'l OrllI

8470 -40 + 80,
8975 -50 +(,C)93, 1847: •9591 -90 -+ (0 ll ona 11 3o0anyx

",021 o:16

15 .,193 -30 +-IO( --) fl0poinu c.CerocTorl-
109.II -- 30 +13o) -K 110 (yw',:o0TH,,,3 ,Zle.

'25,.:l; ?'5.I --35 +130 -- IOl, cuIeo. it , p.)
61"o0;

_,, -40 +0 -
- / -5{ h)I 13 - 18

17 38250C, 382C,; 3824C -- .) +I(: I 601 cMmm if roun.quno Kmor.t;a pna.'mwioro
P.6, Iii1.1-•i'2 -- n +"l6) '0 l( c cele:,i j.i ymoTvic.

3508.1-11 H; 9831C -- 5 +-130( 'in IuQoIIli :(IlInx coc.
B.14; B-14.1; :1111011111 C 13(,3apa=i1O.
110-68-1/2- 129 -50 -I,1001 IOcryllr1tM1bw AUII-

6429; 6373 -35 .I-I0 111301o'• 11 1o10yx •IMeIicll
18471 2462- 2959 -45 -+ 80 Tob we

( I
16 1
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Table 134, con't.

I~ 3 4 6 ______

19 51.16P; 51.101; 11.2617; -30 1-lW00 13y AcUMo TOIIJIIIBO 2 LAOTMITeAMIC X.-

3706-13; 3S25C; 3826CI rJIAIII IitŽUnoIWt1 WX

383,1C; 4161 1Coel" icUI115
P-6; 1)I[1.11341; 6319; -35 +1(X) 10 To wKe

4908: .1990
3508.11; 25,12-I11 -35 +130
3,165.11; 9831C
B.1.1; B.-14 I; -5. +I(X)

110.68.1/2; 129; 4327
21 3687; 6429; 6322 -35 +130 llBowta Ii 0o3flyX

175; CY.315: 106: -40 + 80 To me
70121)

1626 -45 +L 80
16-P-8; 200A (2671); .- 50 + 80 I

6390; 3311: 1611; 8942 1 23
22 P .I.O0;, 3825C. -30 +10() l 3MCJ,' o H• TAof.DoT 3•,1 h, ct, ,,pcIhu(

HPr1.1068: 3,165.61-1 -35 + 1301 To )Ixe :1iDIAMcux coeAIt
9831C In""

13.14; 110-68.1; -50 +100
11-2616; 61171 8075 25

2.162 -s50 + 8) i I•3)Ly::

24 3831C -30 +109 Mco i, rorlMluso -erlI.q,.• iio.y(Gc
3109.11 -30 +130 To me %mbie imerozimi innplute

,M.8'J; 41990 -35 +.t- 100 11"11I (iipoc ran11Hn ynI
1'11)[1-1005; 3165.11 -35 +130 jIon. 'InTCT Aeralim

HO.68.1/2 -50 +100 1130Jo.,111111, IWl)MIord
199 761; C.817; 1481 -40 + 80 Zlluai I 0O3AYX TC',IIb AlerlI.1'ill1 It Ap.O

(3909); 6331. 3912; 2
6190; 78410 26 27

13Prl.103b; 180M ; 3985; -10 + 60 Bo3TCACTIreC C1OCTa Ynrior,;'rIeJ',hi Ce AL"

"4986; 6111; 88.13 U noroaI "am u3 ry6tovITo pe.
SP.35; 141; 130; 8846: - 5 + 70-

8475; 105; 6330; 117

Key: 1. Brand of resin; 2. From; 3. To; 4. Operating
atmosphere; 5. Parts made; 6. Temperature interval of
operating, 0C; 7. 3063-N, 8470, 122; 7840, 12-s; 1626,
1847; 2462; 6390; 2959; 3311; 4985; 4355; 8. Oil and fuel;
9. Shock-absorbing; 10. Ditto; 11. Water and air;
12. 4004; 3063-N; 3190-N; IRP-1068; 2542-N; 8470; 8075;
93; 1847; 2959; 2462; 3708; 13. Oil and fuel; 14. Resin-
metallic for non-suspension packing; 15. 6198; 3109-N;
2542-N; 3465-N; 761; S-847; 3912; 6901; 6331; NO-68-I/2;
16. Light-resistant sections (door and window packing, etc);
17. 3825S- 3826S; 3824S; R-6; IRP-1269; 3508-N; 3465-N; 9831S;
V-14; V-14-1; NO-68-I/2; 129; 6429; 6373; 1847; 2462; 2595;
18. Rings of various gauges for packing suspension junctions
with reciprocal motion; 19. YA-16R; YA-19R; N-2617; 3706-13;
3825S; 3826S; 3834S; 4161R-6; IRP-1134; 6319; 4908;-4990;
3508-N; 2542-N; 3465-N; 9831S; V-14; V-14-1; 20. Packing
components of non-moving junctions; 21. NO-68-l/2; 129;
4327; 3687; 6429; 6322; 175; SU-315; 106; 7012R; 1626;

16R-8; 200A (2671); 6390; 3311; 4611; 8942; 22. IRP-II00;
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Key for Table 134, con't: 3825S; 4004; 4760; IRP-1068; 3465-N;
983IS; V-14; NO-68-1; N-2616; 6117; 8075; 2462; 23. Resin patches
for packing fixed junctions; 24. 3834S; 3109-N; 4908; 4990; IRP-
1005; 3465-N; NO-68-1/2; 199; 761; S-847; 1481; (3909); 6331;
3912; 6910; 7840; IRP-1036; 1804; 3985; 4986; 6111; 8843; R-35;
141; 130; 8846; 8475; 105; 6330; 117; 25. Components obtained
by a method of enlargement (packing;insulated components and
accessories and others); 26. The effect of light and weather;
27. Packing components of spongy resin.

-263-



TABLE 135. MATERIALS FOR TIRE REPAIR

8 IoP.iniiMIia uISI.90uj inlim: 10

11311MC1103a[lMe 113lkIaai'inii

*, ie stenecC

1.1 I'cautloweeg ~'iiDui~ 14
12 flpoTMiOPHIIa, spoo.4 3 IPcmoir mim n l~ ,c.meuii.m (5e-1 1 CaOTIICTCTIIIII) C pa'.Ale.

41.111POCaiiiio113 Pe:111a 1 0A )IOO PO f~lopoll i1xn I: (pOTCl(T0-j j,oMl :unull
P'l nojll;ix lp*,) lI

2 3 1f 41 5!

15 IlpoTcImoplia All-* 63,1aI leoiclesC ioll~Ci'ii4 2. 0 -h0. 2 500 10 cm00
cTouOn I)031111 y';;icrimli Ipoicm nC~IO)III6~~~:

iI!.II P01OIITC MCCT~l.~llm orspCic,

17 flpocqioeqiiian AUcro. 800~imAtc pceioimiipycmiIwx no- 0,9 :h0, 500 10000
Bagi Ip31111a xpunicic npOn 1olo611011:1inl i I'll ).

Nil N1f1hINC~T it IUMMJICT )d~ HiIMl PC.

19 PI'Cp~T11311pyoutasI ZOPCMrOT llllyrpel~licro (repm:c. 2,0 *10,2  500 10C00
M~ICTOM~ll p031111a rm3ltpyitte~ro) cjion 6ecicam:opimii x

21 Kameplmal nucToO8I -'PC0I0iT ICMMP BI YC.U)IIIIIIX CT.1 2,0 *j:0 , ' 500 10000

c replcl~ix if II3LnlI~ l'XIy.n*

23 to x(, 6pIIKCTII8II !4 [01011T lI.lMCp A IiYTClll,.X yC- 1,7 ±0.2 500 10000
i.01111 ix II 1IOOMI nooii clicIIIWJII.

25 TenIOCToflKIlI miic* 6 II1roTOBACHqC~ll 13CaO'I11iiX Ka. 1,0 *j10,1 500 10000
rolmlo penIga imep (meIdnnou)

27 I(ýnoCoaV cWKi cunon* 8 11rTllnrroijllifC 11.ily itui3yiome.C 2.0 :ý0,2 700 10000
1101110, nammlUOonami 1 ro 1(2101

Typomm~loro Haioy'il

ý9 I'c.utmnoitcaumeno vaietmm'ua
30 O6po3HlI~lIIlwrl I1OP~jk 1 PCAIOiN 11IoIC0i.10IIIII.X Y1ia.1 1,2* i-0.3 500 5000

SCT 1,011 IsOPlj~flCg 11 113ro701l2101 -11W 0, 3 250 0
i',il.0,'iIIIX x Iadmkp (mienihou)

32 1FipopemcalIilcliu lie.E 3 Rmour tioilp.exiacamiI Cams)JTI 1,0 :b0, 2 500 5000

o6pC3lHC~l~uoro KOjl2;113 .
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Key for Table 135: 1. Type; 2. Designation; 3. Nominal;
4. Acceptable variation; 5, 6. Not less than; 7. Dimensions,
nmm; 8. Thickness; 9, Width; 10. Length; 11. Resin
materials; 12. Tread, shaped resin; 13. Repair of tires
by laying on tread or full sections of tread; 14,

Depending on the dimensions of the tire; 15. Tread sheet resin;
16. Filling damaged sections of the tread and sidewalls during
repair of local damage; 17. Interstratified sheet resin;
18. Lining of repaired casings during retreading; filling
damaged places of the carcass; applying blow-out patches and
other patches when repairing local damage; 19. Hermeticized
sheet resin; 20. Repair of internal (hermetic) layers of
tubeless tires; 21. Tube sheet resin; 22. Repair of tubes
under conditions of tire repair shops and industries with
vulcanizing equipment; 23. Ditto, briquet; 24. Repair of
tubes under road conditions using special vulcanizing briquets;
25. Heat resistant sheet resin; 26. Preparation of
(pockets); 27. Adhesive carbon black filled rolled resin on
a base of natural rubber; 28. Preparation of vulcanized
adhesive; 29. Resin fabric materials; 30. Resined
cord; 31. Repair of damaged sections of the carcass and
preparation of curing tubes (bags);
32. Resined Chafer; 33. Repair of damaged casing
edges; 34. Patches (cross shaped pieces of resined cord);
35. Reinforcing damaged sections of the carcass.

* In the numerator the dimensions are given of the
material without cutting out with patterns; in the denominator---
lump material.
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"TABLE 136. PHYSICAL-MECHANICAL PROPERTIES OF
TIRE REPAIR RESINS (GOST 2631-60)

2 l 1mC10a ffieioiiIC Pe3lIII

10 rIp~e~e npoqIIOCTII ulip 0 pac-

lnocipciw,, r/cM', .c .ucnec 140 220 85 85 140 220 220
11 OruocTuM1rnoe yzaimenne,

S ............ ie e. 550- ie ble- 300- He Nic. 600- 550-
"lce 850 le 500 0 ee 450 900 850
400

12 OCTaTO'IOe yaivnnne e. 06,o,
fie 6o:c............. 40 40 40 35 40 40 40

13 "ieppllocm (no [OCT 263-
53). le hce, ....... 55 45 - - - -45

14 CoUpOTHIM.Ce11e0 lICTrnpaH1uuO.
*l"/I6111 - ', lie 60o'ice . . • 500 - - - - - -

15 CoIupOTuueJ1CuIIue p,'13llpa',
I.e Niciee . ........ 45 - 35 - - - -

16 BimMn nyV•AI1il1l3uuivuan , .J11n 30 20 15 8 45 15 20
17 *reIflC)aTypfl 1lyJK:A111113a.

win. C ............. 143 131 143 143 143 138 131

Key: 1. Indicators; 2. Symbols of resins; 3. Tread;
4. Interstratified from NK; 5. Tube; 6. Tube, briquet;
7. Heat resistant; 8. Adhesive of NK; 9. Hermeticized
from NK; 10. Tensile yield point, kg (force)/cm2 , not
less than; 11. Relative elongation, %; 12. Residual
elongation, %, not more than; 13. Hardness (GOST 263-53),
not less than; 14. Resistance to wear, cm3 /kW • hr, not
more than; 15. Resistance to shredding, kg (force)/cm,
not less than; 16. Time of vulcanization, minutes;
17. Temperature of vulcanization, OC.
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TABLE 137. COMPOSITION OF MAKE UP OF THE KIT

IfOA1u110Oo, IIIT. D OflT09-

HflaueitoDUIfltm maleptlana, 7 HX uax
HILCTpyMCIIITO'3 If 3Ofl"CflIX M ~ iqjii

zeawlApr A1PJJ APB Ar

I2 3 4 8- 6

9
8 r1,I1aCTIJPb Pe31II1lOPIMAU~i JIJIff peh'olTa Rapxaca

I -ca:1 wr 2U0X300J Ami 4
12 8CJIofmit~I 260X260 D 2
13 S.c.-zoi1:IIr 340oxs.320 15 2

14 JeleITa '1CwPIaIa ll3 npCp3;1- )jJjIs PCNIOHT3 60pT00 I I 5
10119Tn A (uinpima 200:h noicpu~ujex

h JO ~u~, gzwiia 250± 10 Amm.
0,1111I1,04.0,1 ;tef)

17
16 rpiiooi pe3HiIoDArt piq~ie- Ann~t PC.%IOITa npoxwoDo

HWL*J C ;(IllflMCeTPOM, $1,11 qoxpwwex :I 6ecxa.N-epiuwj

20 rl ý48±3 7:!0,5 - - 2 5
1'v, FA).L-3 9:L0,5 - 1 2 10
F4 60L. 3 11 -;0,5 2 2 2 15
[-- 70*z3 13-0,5 2 1 1 10
r.5 80d:3 15±0,5 22 2 - - 10

xam'ofl3i'iibii c oare31II111bIM re NICTIIMy1oI1tC17 CJIot
CjIoei Tana. 6ecxatmepiuix WilliI

23 r1 0 35 l - 2 - 5
113 068 3 3 - 15
1141 c 6 3 2 3 is
1I5 0 12(1 2 - - 10
D;6 ý2 x~ 70 42 3 - 10
117 40 x 1u00 3 2 31 5
nl870x 180v 25 2 - - IC

24 Knell pCeiIIIOuft camoay.'-1.r n~~ KpCfJIennom woin. 150 IN0 50 75024KaIII13I1pyI0uL1tflCH, a CTUPerl If rpat6iioo
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Table 137, con' t.

26 Ilpfo()xa pe~nailoiaag pl,Jcpn- f1I$7 pcNIOllTa np~lojwOU
tian ,uiaNICTpoNI, NO: 11110 6C3 ZcM0IITa;Xa

7 - - 5
9 - - 7

13 29 - - 5

2 Illn pnii C PC311110DOfl naCTof T'O Me - - 2

3Qj n1IBl1Y c BLIXOAI'Uhf OTBCP-
CTIICNI AiiameTpom, mmt:

2- - I
24-32

31. LUlTO NeTaJ1.7114eCCI,11f R Ji451 p(`Nfowra npoxonoo
runinpty 60CcxaNIIcIIIAX 111111 6C3

ZC.MoIITa)1(a

33 11plIC11oCO(OnoIInc )IJn IDCTaz- 3411.nsi PC,%OIITl rInl~p:Ji
Kit i'puimno (INIK c 11OWNitWOin6o

35 TcPxa NICTAwI,'leCxaf 118 b6ThIN 3,1111C.2i [IODpeCM- I I
py'ixe IACIIIIblX Y'I8CTKO3 lORphIJ-

iii1:x, Kn8Mcp it 6ecva.acp.
IIb!X 111111

37 Tc!pK3 NICT8J11li:0CWHU 3a- To MeC 2 2 2 2
naC11;051

38 WKypua wJ Iqj)D8Jbunnl1 1
(rocr %O09-,. ') C POa31Ltu-
IIt.%M h3T!PIIt8JIOM hMOPKII 35,
3CpIIIICTOCTbIO 80 nrnif 100,
II83.NCI)O.% 100>000 AL*I 40

39 POzIuII npIIKaTO'IIIbzII RARu I1~1PHITKII flJI8CThI. I I
pcis Ii ampnfoK rpiftioff K

ihocrill

41 3oJ1mHH 2 Rimn 'scn1nsin iKamcp uitn 3 3 3 10
O6"c K8IM(iI iX 511115!

43Ko~nnalox 4"") )KO - t

Wail6a pC3iIIOtfalI 16. ",1 SWCITINIJAf 60CCONI~p.- 2-
45 ynimCIaTas HUNl. I'1hIf- 2 2

47 Me~n xapanflawvnbiri, e 48J si om TCi-Kii flpo~flnou 10-12 10-12 10-112110-12
imepi 6ecmamepmmumins
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Key fbe Table 137: 1. Type o, material, tools and stock
parts; 2.. Designation; 3. ARG; 4. ARL; 5. ARB; 6. AG;
7. Quantity, pieces, in kits of type; 8. Resin co.., of
vulcanized patches; 9. For repair of carcass edges;
10. 4-Layer 200 X 300 mm; 11. 4-1ayer 300 X 300 mm;
12. 8-layer 260 X 260 mm; 13. 8-layer 340 X 340 mm;
14. Chafer tape of resined type A (width 200 ± 10 mm,
length, 250 t 10 rmm, thickness 1.0 ± 0.1 M_); 15. For repair
of casing edges; 16. Mushroom-shaped resin corrugated with diamece.,
mn: 17. For repair of punctured casings and tubeless tfres;
18. Cap; 19. Stýtm. 20. G1, G2, G3, ý4, G5;
21. Patch of resin vulcanized with an adhesive layer of type:
22. For repair of casings and hermeticized layers of tubeless
tires; 23. P2, P3, P4, P5, P6, P7, P8; 24. Adhesive resins
self-vulcanizing, G; 25. For attaching patches and caps;
26. Grooved resin stoppers with diameter, mm: 27. For repair
of punctures in tires without removing them; 28. Injector
with resin paste (25 t 5 hertz); 29. Ditto; 30. Packing-
filler for an injector with cavity opening diameter, mm,-
31. Metal rod for the ixjector; 32. For repair of punctures
of tubeless tires without removing them; 33. Adaptor for
inserting "mushrooms!'; 34. For repair of casings with
mushroom-shaped pieces; 35. Manual-.m:ttallic rasp;
36. For cleaning the damag-d section. of the casings, tubes
dad tubeless tires' 37. Auxilliiry metallic rasp; 38. Abrasive
polishing cloth (GU:3T 5009-62) with abrasive material brand ES,
grain 80 or 100, O£irensions 100 X 300 mm; 39. Rolling cylinder;
40. For rolling pat,:hes and "mushroom caps" on the
:%urface being repairýed; 41. Slide valve; 42. For inflating
tube or tubeless tires; 43. Cap; 44. Ditto; 45. Resin
washer;, graduated, flat; 46. For inflating tubeless tires;
47. Chalk pencil, g; 48. For marking puncturef; of tubes and
tubeless tires.
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CHAPTER VIII. ADHESIVES

(6, 1. Properties of Adhesives and Adhesive Compounds

Adhesives are intended for creating permanent junctions fiom various
materials, which in their total aspect consist of two adhering materials
and a gluing layer (adhesive) between them. The capability of the adhesive
to connect the separate parts is called adhesive force. The strength of
the adhesive connections of metals and other materials is mainly determined
by the type of load. When making a junction it is necessary to try to
obtain in the adhesive layer evenly distributed stresses. If the junction
is completely irrational, then a concentration of stresses occurs on :ne
of the sections of the union from which its disintegration begins.

Unions which operate under uniform shear, compression, dislocation
and dislocation with compression, possess good strength. Dislocation with
compression is characterized for the work of glued brake linings and
elements of friction discs. An unsuitable type of load is non-uniform
shear, therefore, an insignificant redistribution of force in the butt
joint sharply decreases its strength. In this case, an increase in
strength is obtained by combining butt and overlapping junctions, and also
,' Thesive-riveting, glue-screws, or glue-welding unions which create a
hermetic seam as well. In practice, the most widely used are overlapping
junctions because of the simplicity of making them and their adequate
tensile strength. Beveling the overlapping edges improves the short
term strength of the junction. In repair practices, such a method of
improving the sLrength of the junction is utilized when applying glass
fabric patches on holes. The "miter" junction also improves strength
of adhesion and is used when fastening belts and other parts.

In connection with the change of properties of polymer adhesives
in the transition from glass-forming I to high-elastic state II, the
strength of the union is essentially changed (Figure 1). The maximum
on the curve of disintegrating stress under displacement of the overlapping
junction is connected to the transition of the polymer from one state to
another. Consequently, the glass point Ts is an important indicator of
the properties of the adhesive, which determine its usability.

The adhesives are made up of compositions of organic materials or
macerials of non-organic origin which possess good adhesion and cohesion.
In their compounds the e can be introduced, besides polymer connectives,
plasticizers, solvents, hardeners, accelerants and so forth. The
properties of the adhesives are mainly determined by the polymer connectives.

During adhesion of components the adhesive layer can form as a result
of: removal of the solvent from the polymer solution (drying); hardening
of melted polymer (transition of the polymer fromt one state to another);
polymerization or polycondensation of the original monomer or low-molecular
union (solidification).

The possible and more complex cases where dt~ring formation of the
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adhesive layer from a multi-component system, processes simultaneously
occur of monomer polymerization and evaporation of the solvent. The
formation of the adhesive layer from the solution is connected with removal
of the Golvent, in this case open drying has a large effect on the quality
of the union, that is, the time from the moment of applying the glue to the
glued surface up until the union. The characteristics of such widely used
adhesives are presented in Table 138.

4 6

3' I_,

T1 TcTai~p

Figure 1. Principle relationship of
the strength of adhesive junctions to
the physical state of the polymer:
I. Glass forming; II. High-
ulastic; III. Viscous-fluid;
1 and 2. Tearing strength L"
displacement strength, respectively;
3. Thermal mechanical curve of the
polymer; 4. Stress; 5. Temperature;
'6. Deformation. I

Viscosity of the adhesives are determined in poises or specific
units with the help of a viscosimeter (VP-3, VK-2, V 36, V3-4), and the
concentration of the adhesive (dry residue) in the contents of the solvents
for ostablishing their correspondence to the formula accepted. The content
of resin in the compositiot is established in per cent. The main indicator
of the mechanical strength of the adhesive union of metals is the yield
point during dislocation (average breaking point) according to COST 14759-69.
The strength of attaching the resin to the metal is evaluated: by tearing
method, COST 209-62; under dislocation, COST 410-41; for peeling COST 411-.49.
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TABLE 138. CHARACTERISTICS OF ADHESIVES
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Table 138, con't.
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Table 138, con't.
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Key for Table 138: 1. Symbol and brand of adhesive; 2. Symbol
of engineering document; 3. Composition (components) parts by
weight; 4. Life of the adhesive; 5. Designation; 6. VIAM-B-3;
7. Instructions of VIAM 45-60; 8. Phenol-formaldehyde resin
VIAM-B (TU NIKQIP NO. 477-4l)-100; industrial acetone (or ethyl
alcohol) COST 2768-60-10; hardening agent (detergent mixture of
sulfonaphthenic acid brand KPk-1) GOST 463-53-12-20;
9. At 200C 2.5-4 hours; 10. Gluing phenol-plastics (on a
base of thermosetting resins) textolites, veneer and wood
products. The glue is prepared in the spot, and used in a
temper.ture interval from -60 to +60°C; 1i. BF-2, BF-4;
12. COST 12172-66; 13. Alcohol solutions of polyvinylbutyral
and resol phenol-formaldehyde resins; 14. At temperature not more
than 25 0 C--- 6 months; 15. Gluing metals and alloys, ceramics,
glass, plastics, organic glass, wood, leather. A single-component
glue comes prepared and can be used in a temperature interval
fr- n -60 to +600C; 16. VS-10 T; 17. TU UKHP-285-62;

Solution of mixtures of polyvinylacetal, alkoxysilane and
p. wi-formaldehyde resin in ethyl alcohol and ethyl acetate;
I", Storage. In closed containers at room temperature---
6 n ,nths; 20. Gluing components and structures of steel,
almniinum and its alloys, nickel, zinc, glass-textolite on
pl enol-formaldehyde resins, ceramics. The glue is single
component, comes in prepared form and can be used for lengthy
work at a temperature interval from -60 to +150°C; 21. VS-350;
22. MRTU 6-05-1216; 23. A solution of mixtures of polyvinyl-
acetal and phenol-formaldehyde furfural resins in ethyl alcohol
and ethyl acetate; 24. 6 months; 25. Fastening components and
structures of steel, aluminum and its alloys, plastics, ceramics
and others. The glue comes in prepared form. It can be used in
a temperature interval from -60 to +350 0 C. At 350 0 C the length
of work must not exceed 5 hours. 26. MPF-1; 27. MRTU 6-M-800-
61; 28. An alcohol solution of methylol polyamide resins PFE-2/1O
and bakelite lacquer brand A; 29. Gluing of metals, items
made of polyamides with melting point greater than 200°C between
each other and with metals, and also phenolplastics and plastic
glass with metals. The glue comes ready to use. It can be used

>% for a long time at a temperature interval from -60 to +60°C;
CL 30. Adhesive 88-N; 31. TU MKHP UT-880-58; 32. A solution

of resin mixture No. 31-N with butylphenol-formaldehyde
resin 101 in a mixture of ethyl acatate with benzene, in

(1 proportions 2:1; 33. 3 months; 34. Gluing by a cold method
of vulcanized resin on any base with metal, leather, wood, glass.

_Z Comes ready to use and can be used at a temperature interval from
-40 to +600C and in an atmosphere with relative humidity 987. at
temperature +400C; 35. Leuconat; 36. TU MKHP 2841-57;37. A solution of triphenolmethane triisocyanate in dichloro-
ethane; 38. 1 year; 39. Joining by a hot vulcanization

U) method non-vulcanized resins from SKN, SKB, SKS, of nyrite and
() other rubbers with items made of steel, duraluminum or brass.
mo The glue comes ready to use and can be used in a temperature

zone fro~n -50 to +1000 C; 40. FL-4s; 41. HRTU 6-05-110-68
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Key for Table 138, con't: (instead of VTU No. 11-158-62);
42. Composition on a base of alcohol acetone solution of
furyl-phenol-formaldehyde resin FL-l, combined with epoxy resin
ED-5 and polyvinylbutyrol, vat residues of hexamethylenediamine
and dioctylsebacate; 43. 8 hours, not less (at room temperature);
44. Gluing metals afid noh-metallic materials in various combinations;
for use in adhesive welding junctions of aluminum alloys. Can be
used at a temperature from -60 to +60 C. The adhesive comes as
separate components; 45. Adhesive K-300-61; 46. TU NIIPM'.
No. P-300-65 (instead of No. P-300-62), instructions No. 968;
47. Dekalite resin (VTU P-273-62)-100; low-molecular polyamide
resin L-20-40; titanium dioxide--- 30; 48. 4 hours, not less
( at room temperature); 49. Gluing metals, glass, plastics,

which operate for short periods of ýime at temperature up to
300 0 C. Comes as separate components and is prepared on the
spot by a method of thoroughly mixing at room temperature.
50. K-400; 51. Instructions GBO 045-143; 52. Resin T 111
(TU NIIPM No. P88-64)-100; polyamide resin L-20 (TU NIIPM No.
P-299-64)-40; chromium oxide (GOST 2912-58-60 or nitride of boron
TU No. 501-61); 53. Ditto; 54. Attaching metals and plastics
in various combinations. Can be used in a cemperature range from
-60 to +250 0C.

§ 2. Use of Adhesives

The majority of the adhesives looked at above have low viscosity,
require open holding during adhesion, the formation of high pressure during
pressing and hig& temperatures, as a result of which these materials have
a limited use in repair industries. Consequently, the most widely used
are high-filled adhesive compositions on a base of thermosetting polymers.
The possibilities for use of adhesive compounds during repair and variations
of eliminating dangers are shown in Figure 2.

When cracks and pores form on thin-sheec components (radiator, fuel
tank, body panels) the composition is applied to the surface of the component
in an even layer, thickness 1.5-2.0 mm, or it is covered with a fiber
glass facing plate. The edges of the layers must be beveled; there must be

no excess of the composition or thickening of the edges. The composition
on soldered and welded seams exceeds their hermeticity.

Cracks in the walls of the engine's cooling system with a length of

150 mn are drilled on the ends to a diameter of the drill 2.5-3.5 mm, then
bevels are made to an angle of 600 in depth, not'more than half the thickness
of the wall (2-3 mm) and after preparing the surface around the crack the

composition is put on with a facing of fiberglass. When the length of the

crack is up to 20-30 mm, a facing is not used. In places where it is not

possible to make bevels and drill out openings, the 3urface around the zrack

is only cleaned. A cylinder block, which is to be repaired, must be

subjected to hydraulic testing in accordance with technical conditions.

Cylinder blocks with cracks more than 200-300 mm are not subjected to
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hydraulic testing after applying the compo~sition, in this case the wall
of the cooling housing must be reinforced by using threaded pins along the
crack or by welding short seams (5-10 mm) for about 50-80 mm. A facing
usually can be put on with a roller for removing air and joining the seam
better to the wall of the component. The cloth facing is a reinforced
material, as a result of it on the surface of the component, there forms
a self-forming laminated plastic with anisotropic properties.

, [.

Figure 2. Variations in eliminating defects with
adhesive compositions: 1. Adhesive; 2. Metal;
3. Fiber glass.

Holes in the components are filled with the composition by laying
fiber glass and metallic facing overlapping or flush. Small holes,
(area 1-2 cm ) are filled only with the composition. In the case of a
complex shape of the surface of the component, the hole is drilled out
and with the help of soft, refined wire, a network is created on which
the composition can lie and several layers of fiber glass facings.

§ 3. Epoxy Adhesive Compositions

In the repair industry the most widely used are adhesive compositions
on an epoxy resin base ED-5 and ED-6, which are soluble and fusible thermal
plastic products (Table 139).

Resins ED-5 and ED-6 dissolve in benzene, toluene, xylene, ketones,
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simple and complex esters; they are not soluble in water, gasoline, have
limited solvency in alcohols. In their original state (not strengthened)
they are distinguished by low-molecular weight: ED-5 has an average
molecular weight of 360-470; ED-6--- 480-600. An increase ini molecular
weight because of lengthening the molecule chain and forming a cross section
of cells by cross linking is possible by introducing into the resin chemical
combinations--- hardeners.

The hardeners differ in hot and cold strengthenip? (Table 140).

The more reactive method than polyethylene 'yamides is hardener
AF-2 (TU No. P-264-70), which strengthens the composition at temperatures
close to 00C and also in moist atmospheres or under water. The calculated
quantity )f AF-2 in parts by weight amounts to (1.3-1.4) K.

There are other hardeners which act both as hardeners and
plasticizers. Low-molecular polyamide resins L-18, L-19 and L-20 belong
to th.s group; the liquid products of interaction of fatty acids of linseed
oil with polyethylenepolyamine; in appearance it is a transparent liquid
of yellowish to brownish color.

Polyamide resins ....... ... L-18 L-19 L-20
Viscosity at temperature

200C, poise ........ 600-1000 160-500 160-500
Density at 200C, kg/m3  . ... 970 2020 1030
Amino number, mg - 1ICI/g . . . 90-120 120-160 175-220

Low-molecular polyamides are useu - - ;-ompositions both as cold (L-20),
and as hot hardeners (L-18, L-18). The properJ - of the hardening
epoxy resins are presented in Table 141.

For decreasing brittleness of the epoxy resins, they ate plasticized
or modified with complex esters, low-molecular resins, polysulfides and
other combinations. In actual practice of making the composition, they
use the following as plasticizers: dibutylphthalate, dibutylsebacate,
dioxtylsebacate, tricresol phosphate (GOST 8723-66), polyester No. I
(NLIRTU 6-05-1122-68), polyester No. 220 (TU MOIP KU-487-57) and polyester
MGF-9 (TJ 101IP BU-17-56). introducing too much plasticizer rcsults in a
decrease in heat resistance of the composition, lessened strength against
bending, worsened electrical characteristics. The quantity of the
plasticizer introduced varies, usually within limits of 5-30% according
to the resin. When strengthening a composition with a base of ED-6
vith maleic anhydride Martens heat resistance amounts to 1050C, when
introducing dibutylphthalate in amounts of 5, 10 and 25%, according to
the ratio to the resin, heat resistance decreases correspondingly to 90,
70 and 550C.

When using a filler one can increase heat conductivity, decrease
shrinkage, increase mechanical strength, change the coefficient of abrasion
and electrical conductivity of the material.
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Powder type materials are used as fillers: finely pulverized powders
(of steel, cast iron, aluminum, graphite, talc, mica and others) and
fibrous (glass fiber and others). Thus, for the composition.which contains
100 parts by weight of resin ED-6, 20 parts by weight of dibutylphthalate
the optimum quantity is 30-40 parts by weight of ground mica.

In actual practice of repair of automobiles the most widely used are
multiple epoxy adhesive compounds on a base of resin ED-5 and ED-6 with
dibutylphthalate as a plasticizer, although many characteristics of these
compounds are not the best. In most cases, polyethylene polyamines are
used as strengtheners, and various powders as fillers. Such compounds for
removing damaged areas and renovating worn parts are presented in Tables
142, 143, 144.

At the present time the domestic industry produces a series of
compounds (on a base of epoxy resin with plasticizer or modifier) which can
be used in the repair industry (Table 145).

For repair of automobiles under field conditions of various organizations
sets of materials and tools (kits) have been worked out, the contents of which
are presented in Table 146.

For preparing small quantitir~s of the composition (1-5 g) under field
conditions one can use the epony compounds in tubes (Table 147).

Epoxy compositions are packed in two tubes: the larger tube is filled
with compound I and the smaller with II. The dose of hardeners with
thixotrophy additive (compound II) guarantees a specific ratio of quantity
of the cylinder of uniform length of the compound I and II extruded from
the tube. When there are uniform holes in the tube for preparing the
composition, it is necessary to squeeze it out on glass or metallic plates
(or on paper) 4.5-5 cylinders of uniform length from the large tube
(compound I) and 1 cylinder of hardener (compound II) of the same
length from the small tube. The compounds are mixed for 3-5 minutes with
a metallic rod or glass stick to obtain a homogeneous mixture. The compound
is usable for 30-60 minutes after mixing.
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TABLE 139. INDUSTRIAL REQUIREmNTS FOR NON-STRENGTHENED
EPOXY RESINM(GOST 10587-63)

1 [lozaaaTeml, T I2 op:,iu A•n2 Aapol;

5 lh"eIVnew o01.1 6 II i3os1 an3H 7 13RUIRin npo3pati
Inpo3pa'lllfl} CalO11I 11,151 chMOna

8 LDCT 9 OT C3CTAo.)RCJIT7OI'O iLo HOPJIt1e1C1101Oo

10 CoAepmaime 9noKCicjibix rpynn, 96 1. ie m:elie 18,0 18,0-14,0

12 AeCry'lIx BeiecO m , %, lie 2,0 1,0
coace

M n13 Yc2100T O3KO no , flo, uapltKouo,1my
",CK'o32IIr!T)V roCT 8420-57), ceK, ue
6oice.

14 npi TCexinepnype 25"C 75 -

15 1 1 500C - 1(X)

16Colauwiaife 1011aa xnopa,16, , e Oo. 0,016 0,016
n'ee

1 7Colp)K(a3llIlc o611Leo xoopa. %. lie 5o. 1,5 0,75
ntee

l.8yc.1o0Da: wlI3nOCTb C oTtCepjfITee.UC 10,0 20.0
a I irIi pliia 4,ra.Iwour-9) II-99 Ol o ln X * hc-

.0, allrll'uapslt mmociC11osBuff- I l(coimin
'laCTbi) 'II p 3 '.1 i II0C.1Q C.N 1 11CIIIl ll )ll
TCeIh1,pnTylCe 100'C 110 llhI)lllKJODIO y hlsC-
9o31.1IeTpy, cen, fe 6o.ace

Key: 1. Indicators; 2. Standards for brands; 3. ED-5;
4. ED-6; 5. External type; 6. Low-viscosity transparent
resin; 7. Viscous transparent resin; 8. Color; 9. From
light yellow to brown; 10. Content of epoxy groups, %;
11. Not less than 18.0; 12. Contents of volatile substances,
%, not more than; 13. Nominal viscosity according to
viscosimeter ball (COST 8420-57), seconds, not more than:
14. At temperature 25°C; 15. At temperature 50°C;
16. Content of ions of chlorine, %, not more than;
17. Contents of total chlorine, 7, not more than; 18.
Nominal viscosity with hardener (phthalic anhydride---
99 parts by weight, maleic anhydride--- 1 part by weight) for
about 2 hours after mixing at temperature 100 0C according to
viscosimeter ball, seconds, not more than.
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TABLE 140. CONGEALING AGENTS OF EPOXY RESINS
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Table 140, con't.
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Key for Table 140: 1. Quality indicators; 2. Congealing
agents of hot hardening; 3. Maleic anhydride MA; 4.
Phthalic anhydride FA; 5. Methaphenylenediamine;
6. Dicyandiamide; 7. Triethanolamine; 8. Congealing
agents of cold hardening; 9. Hexamethylenediamine CMDA;
10. Cubebic residue of Hexamethylenediamine; 11. Polyethylene-
polyamines; 12. External aspect; 13. White crystalline
powder; 14. Mixture of needle shaped crystals and fragments
of white, gray and yellow color; 15. Colorless or pale
crystals; 16. Crystalline powder of white or yellow-gray
color; 17. Transparent viscous liquid of various shades
from light yellow to brown; 18. Crystalline mass; 19. Dark
viscous mass; 20. Viscous oily liquid of light to dark
brown; 21. Empirical formula; 22, Molecular weight;
23. Melting point, °C; 24. Not lower than; 25. Higher
than; 26. Not lower than; 27. Other properties; 28.
Soluble in water and absorbs steam when it comes in contact
with the air; sublimating; 29. Sublimating; 30. Soluble
in water; toxic; 31. Hygroscopic; possesses absorption
capability; 32. Hygroscopic and toxic. Soluble in water.
alcohol, benzene; 33. Amino number not less than 12%,
content of GMDA not more than 10%; toxic; 34. Density
1000-1040 kg/m3 . Content of nitrogen amines not more than
22%, total nitrogen--- 29-34%; toxic; 35. Quantity of
congealing agent for 100 parts by weight of resin: ED-5;
36. 12-16 PEPA GIPKH. 13.5--- 18.5 PEPA. Lower Tagil'skii
Factory of plastics 10.8-14.5 PEPA GIPKII. 37. ED-6;
38. 10.8-14.5 PEPA. Lower Tagil'skii Factory of plasl:ics
(0.65-0.70) K PEPA GIPKH. 39. Calculated formula for
determining the quantity of congealing agent parts by weight
for 100 parts resin; 40. (0.77-0.81) K PEPA Lower Tagil'skii
Factory of plastics.
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TABLE 141. PROPERTIES OF EPOXY RESIN ED-6 WITH CONGEALING AGENT

120 ruuL);i•J4lij~ e flohI., ,1Is2Ill~nl-*iIilO(!j ,4u 1

noKa3aTent, CL C >, L .o

9 Taep.ocnm no Bpimio, KPIMM'1 10,7 10,7- II- 10,6- 10,8- I( ,'U-
11,9 11,8 12,2 11,6 ( ,.i

10 Temnllc~oi~orcTh no MapTeUey, OC 54-57 65 76 98- 100- II--
103 112 11111 flpexea npoq1oCT1I npfH CTaTIICCROI - 650- 900-- 900- .0 ..

Horije, KI/cM2  7:30 1150 12W
12 1'1pUCAe 11pO'lOCTm ilpil CHUTIII:, xrca,, 1200 1200 1300- 1500 1000 100

1-10013 , pacrncea, - 180 - - -

14 YAe-1bilan ,yflAIlap BaRUOocb, KI.cr/cmlao 3-4,5 7-20 13 7,1

15 ye'a'xa, - - 0,4- 0,4- 0,4 -0,0' 0,5
16 llpitnec o none npn KO,•toaTn0i1 TOUeRe - 0,040 - 0,013 - -.

_ paype 3la 24 it, z/d.
17- I3JcKTpnit[ecCX ,l'lIpoiIluaC.IOcTb - 4.1 3,9 3,8 3,9 -.

18 Tam'eic yrna AlaacKipIqeMInx noTepb - 0,026 0.027 0,024 0,025 -.
I1pu1 'acroTe 100 etq, Ip1i 'rc,1nepaT3 'pc
201 G

1.9 l-po6mumoe nanpflpeimie, Ke/.IrM - 17,2 15,3 19,0 19
20 YjijizIiO¢c O6 "1hOlIIe 9A.'xPTpll'eCKOC - 1.101 1.101" 1.101 1.10" .

COUIIpOTIIMI011C, O.9.CM

Key: 1. Indicator; 2. Congealing agent polyethylenepolyamine;
3. Room temperature. 15 periods of 24 hours; 4. Temperature
400C, 24 hours; 5. Temperature 600C, 24 hours; 6. Temperature
80 0C, 10 hours; 7. Temperature 1000C, 5-10 hours; 3. Temperature
1500C, 2-5 hours; 9. Brinell hardness, kg (force)/mm2 ;
10. Martens heat resistance, OC; 11. Yield point under static
bending, kg ( orce)/cm2 ; 12. Yield point under compression,
kg (force)jcm ; 13. Yield point under stretching, kg (force)/
cm2 ; 14. Specific impact strength, kg (force) • cm/cm2 ;
15. Shrinkage, %; 16. Increase in weight iu water at room
temperature for 24 hours, g/dm ; 17. Dielectric penetrability;
18. Tangent of the angle of dielectric loss at frequency 106
hertz, at temperature 2000; 19. Disruptive voltage, kV/mm;
20. Specific volume of electrical resistance, ohm cm.
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TABLE 142. CONTENTS OF EPOXY COMPOSITIONS

1L I 2 Koj=iiecTuo KoMno1itCTOI b UCCOBuX 42aTIX

mp3)noKCHAH8H CMO140"a laacb OTSCPA17 '8I I CRS x at p TeA h ,R OM .

o4l . AlI"I6ytna, smieiino, tMlnoUH-Te.,H

-6 9A5 OT.1aT J11a31JHH

1 10) 10-15 10
2 100 I20- 10
3 100 15 10 AaiomHH 1enurt nopowoi--25 9
4 - 100 20-25 11 AIommii:enaR nyipa--7--10 110
5 100 - 15 to -- 20 11
6 t00 - 15 10 ItonIT-- 120 1)
7 100 - 20 10-11 Moora cJoa-40 28 100 l(- 1-11 v I -50.; an'iOMU-.

mieoan nyalpa--5
9 100 I.--1-11 MOlOTAM cJhioAa-30; qyryH.

nzi nolaoWoK-50 15in I0' Mq 1i•eil~i 0l~lm 10 1
11 100 15 10 rpallliT--50 17 1
12 100 150t 1-1yfyllllrl 11lOpWlOK-- .50, 18

MU.1OTal CJIIO11 -20
13 100 - 15 10 011 i KCbMe3a--150; lOaMl 19

cinoia--20
14 - 1001-5 )12 KAC311bfi nopowoK-150-20

200; aniomOmcnIr, nIblii nopoUloX-
I0

15 - 100 20-25 11-12 )K0eioailiRi nopouioK-70; M0.2'
.oaM Hn~l -- M 80; amlommmlle, ,
aifl nopoitoK--7-10

16 - 100 25 11-12 tlyryibiirl nopoWoK-60; mo.
.Do.19 cm=o•a-30: ra-•ousa ca-22

• •a -. 30
17 - 100 20-25 11-12 M1o.oTan co;a--100--15o 2318 - 10) 20-25 11-12 MO~OTa F1 cnoza-- 80- 100; 24

a~ano,:iliicnie~0f nopowox-- 13--25219 100 - 60 10 ra30oals caii--:15 25
20 100 50 It MoroTaf emjoAa-70-80 26

Key: 1. Number of compound; 2. Quantity of components in
parts by weight; 3. Epoxy resin; 4. ED-6; 5. ED-5;
6. Plasticizer dibutylphthalate; 7. Congealing agent
poiyethylenepolyamine; 8. Fillers; 9. Aluminum powder---
25; 10. Aluminum dusting powder--- 7-10; 11. Aluminum
dusting powder--- 20; 12. Cement--- 120; 13. Crushed
mica--- 40; 14. Crushed mica--- 50; aluminum dusting powder---
5; 15. Crushed mica--- 30; cast iron powder--- 50;
16. Iron powder--- 160; 17. Graphite--- 50; 18. Cast
iron powder--- 150; crushed mica--- 20; 19. Iron oxide---
150; crushed mica--- 20; 20. Iron powder--- 150-200;
aluminum powder--- 10; 21. Iron powder--- 70; crushed mica---
80; aluminum powder--- 7-10; 22. Cast iron powder--- 60;
crushed mica--- 30; gaseous carbon black--- 30; 23, Crushed
mica--- 100-150; 24. Crushed mica--- 80-100; aluminum powder---
15-25; 25. Gaseous carbon black--- 35; 26. Crushed mica---
70-80.
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TABLE 143.. RECO*MNNDATIONS FOR THE USE OF ADHESIVE COMPOUNDS

PeiOMeHAyeMmwe AeTanN 2 3,cTIIReMbi e imOkpMAC H 3 iomoimOIi:ll, 31O.
3mCp iOo ra6A. 142

I 2 3

4 5,71o0 IlHJIIiiIApou1 nwilraTeUn 5 Tplen,4niw1 P.l3J.liqillOi JI,11iii, 4 9, 10, 12, 13,
11p0ill0illbi 14

I"'otiOw a IlMIIII1PpOl 7 Tpelulilll, po6011lll,, Koppo.. 10, 12, 13, 15
111i; 11 I{OII) ypy (JTDepCTHll ,30.

8 ilol-Aoi i aprepa alwiraieJnp 9 'pu[tlllbl ti npOSolIlba 12, 14

7 sim. 1391 17)

lOKapTep' cUeilneilnl, 'opo6fii 1.TpeuLlliub ii npo0oiinir 9, W(,, 15
nepenat, 6,10K UIHItIpoD KO.I-

12 )ýKy30o, xa6nia, AeCaji one- 133.•iilTIIIII,,. lp0oo11nb ., 20
P0liIIS aBTOMO6111R

14 Mac-1.ibir paaHaTop 15 Tpetiutu it npo6o01INu "a 9, 2, 18
cTellmax 6aqKon

16 Botnnlonl 7 To we 17, 18
1 Tonniatiurt 6ax 9 Tellb o &IcCTax nailxtI: Tpe- 3, 4, 7

Ilillmbi, npo6Oilllh, CK30311ag1
I(O)IPO311l Ila CTCeIKaX

20 11]apilononullIiliK--rite3Ano kI3iioc nocanOqotimo n6oepxiio-
icopnyca, Waplll{Qno2lUIlnhIlK-- CTIt 9o 3,13opli

uaal ocb--iop1iyCI l 2.2 lie b; 2 1 6o IAce 0,1 AIoip/ 1, 2 4
GTyAIla-KOpnyCll39 ACTaJ3b 6 onee 0,1 AN 23 ;0, :2 14

24 lllmJIbKa-Xopnyc 25 l1111oc ,o sa3opa lie 6once 1, 2 40,3 .,m

26 [flzaCMIaccoblme AeraAi IIqeK- 7 "rluu HbiIi, O1Ojiu 1, 2, ,, 17
Tpoo6opyRoDaIHlI1

Key: 1. Recommended components; 2. Eliminating damage;
3. Recommended compositions, number according to Table 1.42;
4. Cylinder block of engines; 5. Cracks of various lengths,
punctures; 6. Cylinder heads; 7. Cracks, punctures, corrosion
around the openings of cooling sleeves; 8. Engine crankcase
pans; 9. Cracks and punctures; 10. Clutch housing, transmission,
cylinder block of the compressor; 11. Cracks and punctures;
12. Hoods, cabins, and parts of trim of the automobile;
13. Dents, holes; 14. Oil radiator; 15. Cracks and punctures
in tank walls; 20. Ball bearings--- housings, ball bearings---
axles; axle--- frame components; bushing--- frame component;
21. Wear-on opposing surfaces with a tolerance: 22. Not more
than 0.1 mm; 23. More than 0.1 mmi; 24. Cotter pins--- body;
25. Wear from a tolerance not more than 0.3 mm; 26. Plastic
components of the electrical system; 27. Cracks, splits.
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TABLE 144. COMPOSITION OF ANTI-FRICTION COMPOUNDS
IN PARTS BY WEIGHT

r~oOA6 lHaflOJ3HH~edlb

10 - 10 - 8-10 7 Kpynxa l'cKyccroeHHoro rpafllTa-- 55--70
10 - 20 - 8-10 To AKC-90-95 8

100 10 - 10 9 * -85--95 10
100 - 20 1- 0 1'p a(JAIT-45
100 - 20 1- 0 A i(ex•eaiiul IIOpoLoK-601 rpalniT.-50
100 - 15 - io rpijn.-n50 12
100 - 10 Ttiojioa 10 3 1i',..r- 100- 130; nopowxooS a3Hu,

T-25 rpaq,1rT--50-70 (3TC-52)
100 - 10 'ozoa AA 10 To we()TC.52-2) 14
100" - 20 o- 10 5I(cýI.OiI 110opooWK-120-130i rpb ) IT-20

Key: 1. ED-6; 2. ED-5; 3. DBF- 4. Thiocol; 5. PEPA;

6. Filler; 7. Coarse synthetic graphite--- 65-70; 8. Ditto
--- 90-95; 9. Ditto--- 85-95; 10. Graphite--- 45; 11. Iron
powder--- 60; graphite--- 50; 12. Graphite--- 50; 13. Marshalice---
100-130; powdered graphite--- 50-70 (ETS-52); 14. Ditto
(ETS-52-2); 15. Iron powder--- 120-130; graphite--- 20;
16. Thiocol T-25; 17. Thiocol DA.

TABLE 145. LIST OF EPOXY COMPOUNDS

KoMnayul8 rexli.4,(.Kiit y0.JOWIl01 2 L ,!X1lH':CCKIle YC-C'* igi

3 K1,A i KJiA.2 ' 30. ,1337-- 5 K.1lI8 u, rI Y6.05.1023- 6 i (nsa.
K-54/6 i 11'4,11111 IA X. \ i.2S5.6. me CTY 30.1427!- -65)
K-105 'rW IlII!IMj:lI..02--1 K-176 TY N:. [i-555-67
K-126 TY I1111f1M41;l.451-65 K .201 1 ,lTY 6.05.1251-.(9
K-II5 1 MPTY 6.05.1251-69 K-293 AI pTY 6-05-1251-.()
1K-129 . TY I Iiltlhll .q r3-67-64 4(o,:Imaywu1 JBTY Ni 17l.290-62
K-139 1TY x,2 I'131--62 pao
K-153 1 MPTY 6.05-1253-69 S1oKclutile 0

18 K.153C 1' MPTY 6.05-1253-69 IYI.574A it BTY Nq 175-56
K-156 21 CTY 30.14212-64 Y11.5745

Key: 1. Brand of compound; 2. Industrial specification;
3. KDA and KDA-2; 4. STU 30. 1.4337-65; 5. MRTU 6-;05-1023-66
(instead of STU 30-14279-65); 6. VTU NIIPM No. P-285-62;
7. TU NIIPM No. P-402-64; 8. TU No. P-555-67; 9. TU NIIPM
No. P-451-65; 10. MRTU 6-05-1251-69; 11. MRTU 6-05-1251-69;
12. MRTU 6-05-1251-69; 13. TU NIIPM No. P-367-64; 14.
Compounds of furan epoxies UP-574A and UP-574B; 15. VTU No.
P-290-62; 16. TU No. P-313-62; 17. MRTU 6-05-1253-69;
18. K-153S; 19. MRTU 6-05-1253-69; 20. VTU No. 175-56;
21. STU 30-14212-64.
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TABLE 146. CONTENTS OF KITS FOR REPAIRING
AUTOMOBILES WITH EPOXY COMPOSITIONS
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Table 146, con".,
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Key for Table 146: 5. Kit; 6. Mterials for adhesive
compositions; 7. ED-6--- 200 g, DBF--- 20 g, PEPA--- 20 g,
ir 'on powder--- 50 g; 8. ED-5--- 250 g, DBF--- 65 g,

PEPA--- 25 g, iron powder--- 400 g, mica powder or cement---180 g, aluminum dusting powder--- 22 g, talc--- 40 g;
9. Epoxy con4)ositions-- , three 0.5 liter jars filled with
composition --- 3 pieces, PEPA--- 200 g; 10. Epoxy
compositions --- 2 jars of 0.5 liters, PEPA--- 100 g;
11. Equipment for preparing the composition; 12. Measuring

cup--- I set, pipet--- 2 pieces, flat dish--- I piece (100 X 100 mm);
13. Cup-shaped scales with various weights--- 1 piece, tray
100 X 60 X 15 mm--- 1 piece; 14. Measuring tank for 5 and 10
grams, pipet--- 2 pieces, dish 200 X 100 X 20 mm, 100 X 50 X 10 mm

3and 75 X 25 X 10 mm, paper beakers--- 5 pieces each 150 cm;
15. Graduated cup--- I piece, measuring tank with gradations.---
1 piece; 16. Materials for covering the damaged area; 17.
Coarse calico pieces--- 0.5 m2 , fiber glass patches--- 5 pieces,
glass tape 20 X 1 mm--- 1 m; sheet steel--- 2 pieces (100 X 200 mm),
tying wire--- 30 g, emery paper--- 0.25 m2 ; acetone--- 20 g;
18. Fiber glass (net a thickness of 0.2-0.3 mm) 300 X 100 nmm---
1 m2; glass tape 0.1 X 20 mm--- 4 m, industrial calico--- I m2
tying wire--- 100 g, steel sheet.roofing--- 4 pieces (100 X 200 mm),
emory paper--- 0.25 m2 ; 19. Fiber glass 100 X 2000 mm, cali'.o
100 X 1000 mm, surgical tape 200 X 2000 mm, acetone--- 1 1;
20. An assortment of patches of fiber glass: 40 x 200 mm-s-
5 pieces; 40 X 300 mm--- 5 pieces; 70 X 70 mm--- 5 pieces;
90 X 90 mm--- 5 pieces, squares of industrial calico; 80 X 80 mm---
10 pieces; 21. Instrument; 22. Metal working chisel 15 mm---
1 piece, metal working groove chisel 5 mm--- I piece; metal
brush--- I piece, cylinder--- 1 piece, resin spatula--- 1 piece,
brush--- 1 piece; 23. Steel brush--- 1 piece, drill ý 3-3.5 mmn---
4 pieces, metallic two sided spatula--- 2 pieces, scissors---
1 piece, hair brush--- 1 piece, magnifier 7-10 magnification---
I piece; 24. Metallic spatula--- 2 pieces, hair brush No. 3---
1 piece, scissors--- 1 piece, knife--- I piece; 25. Steel
.patula--- I piece; 26. Remaining materials; 27. Soapy
paste or cream--- I small tube; 28. Ethyl-Cellosolve---
25 g, gauze pieces (small)--- 10 pieces, soapy paste--- 1 small
tube, surgical gloves--- 1 pair; 29. Ethyl-Cellosolve---
200 g, solution of boric acid--- 200 cm3 , resin gloves--- 1 pair,
paper napkins--- 100 pieces, cream--- 1 small tube; bandages----
i package; 30. Silicon cream--- 1 small tube.
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TABLE 147. PIPE COMPOUNDS

2 IKOAtR11CMo

¶IaTep)iD o l ztux c

I 91olicimimai cMona |0 62,5

6 11l16Y'T I Mt r20 12,5
M•IOiOas cA1oa 40 25,0

III roI0o.1o3T1lACno0lla. 100 74

Key: 1. Compound number; 2. Designation of materials;
3. Quantity; 4. Parts by weight; 5. Epoxy resin
ED-6; 6. Dibutylphthalate; 7. Crushed mica;
8. Polyethylenepolyamine; 9. Pcwdered silica gel.

§ 4. Compositions on a Base of Unsaturated Polyester Resins

Unsaturated polyester resins--- NPS (Table 148) are solutions of
non saturated polyesters in an unsaturated monomer or in a mixture of
monomers. The most widely used in production NPS is a styrol monomer. In
order to obtain NPS with the best atmospheric resistance, methylmethacylate
is used. Inadequacies of these monomers are their toxicity and volatility.

In recent years the most widely used is low-toxic non-volatile monomer,
dimethylacrylic ester of triethyleneglycol, which allows one to obtain
materials with high strength properties and heat resistance. The hardening
agent NPS consists of a catalyst and an accelerant (Table 149). The most
widely used is accelerant NK and dimethylanaline. Usually the following
amount of catalyst is used with accelerant"

hydroperoxide of isopropobenzene + accelerant NK;

hydroperoxide of isopropobenzene + accelerant V;

peroxide of benzene + dimethylanaline.

Sometimes triple systems are used:' hydroperoxide of isopropobenzene
+ accelerant NK + dimethylanaline. The optimum properties of hardener NPS
of genera. use are guaranteed by the ratio:

NPS .... *............... 8 parts by weight
Hydroperoxide of isopropobenzene . . . . . . 3 parts by weight
Accelerant NK (0.56% converted to cobalt). . 8 parts by weight

A suspension of accelerant NK is added to a weighed out quantity of
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NPS and after thorough mixing a suspension of hot hydroperoxide of
isopropylbenzen6 isadded and the mixture is again thoroughly mixed. The
order of introducing the congealing agent can be changed but in such a

case it is not permissible to introduce the catalyst and the accelerant at
the same time for fear of combustion and explosion.

Glass-fiber laminates on an NPS base are used for making hoods, cabins,
fuel tanks and other parts of automobiles. In the automotive repair
tudustry, specific parts of the trim of aucomobiles can be made from glass
laminatev by a contact method. A composition for repairing parts of glass-
fiber laminates can be made on an NPS base: PN-l--- 100 parts by weight,
accelerant NK--- 8-9, hydroperoxide of isopropobenzene--. 3-4 parts by
weight. In this compound powdered filler is added--- gypsum, talc, cement,
or crushed quartz.

For getting rid of bubbles and other defects in casting they use the
compounds shown above with an additive of metallic (cast iron or iron)
powder in a quantity 200 parts by weight. For eliminating pores in the
casting blocks of engine cylinders of ZNZ they use resin PN-301. A
composition on an NPS base possesses good adhesive properties for metal.
Compositions on a PN-3 base have the highest heat resistance; such a base
can also be used as a modifying additive in epoxy compounds instead of
dibutylphthalate (Table 150).

Compound No. 2 is viscous and does not nun off slanted surfaces;
compound No. 4 congeals more rapidly than cozpdund No. 1 or N1o. 2, and
compound No. 5 more qhickly than epoxy compouu~ds with dibutylphthalatc as
its plasticizer.

Positive properties of compositions on an NPS base are their low cost
in comparison with epoxies (by three to four times), capability to regulate
the process of hardening at room temperature, and also good casting and
impregnating properties. One of the inadequacies of polyester compositions
is large shrinkage during hardening and a high coefficient of linear
expansion.
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TABLE 148. PROPERTIES OF UNSATURATED POLYESTER RESINS

1.i 2 Ile'i.,CI~~lIj,uie lii l.•,, L~. 7ozla ",•,

17 I'•TY 6-.o3.1b•"? 8 1 8 cT I sO ;,;- 6

9 Monoxip 10 CTrIpon. j 1  a1, ioILfi !4;,p
123,,..•. i,,t l , Ke/,I" 2; "- I IS-180 1 1180 I16 -I 1180 1o200)- 13()o

' 13 1BfMIOCTI, I0 133 1 l 20-40 20--0 20-40 JSO-200
20'%,", cOM %019 204 5

14C8 OIlma•a l.e crimona. .30--'mI 218-3I 1
15p)oy leer res in b n 3. ice 4. l o43; 5. -

607'. l5ec-ilte8ll-6 .fie 30ee-1 4
16 , LIM A }I{ XlIIl 13}IalIllil ll1)1 60-- 1 20 W)-- 120 180- 1 %<; 1() --

9 20.M o nm r;1ep03. Sr 1Dhc ie r
YrCiopHTe.ml Il1K,.rmu

17 Oftemheng ycaaio a 12 Spcf OT- 8.5-k9 1-93.) Vis-osi-ac o p)di:neglto V, % 19 s r 7.;
18 Gi-ati!aq tiine C'imeatyl00CO whl 37. cre ne io. 20eroi

and 8% accet1dr1"NK, mn; 17. llla shrinking durin

1TII 111i( olll 11 II1"0%M0111)1111111, 113 ('"T OI MM~/1ICTH9,1,
(' 1•, i •1U P 11011 I ell X ;1 lpll

Ko~tihtl IIT '(A I t'llepineparpt:

sKey: i. Designation of indicators; 2. Unsaturated
polyester resin brands; 3. PN-p; 4. PN-3; 5. NPS-609-21M;
6. NPS-609-224M; 7. MRTU 6-05-1082-67; 8. STU 30-14366-65;
9. Monomer; 10. Styrol; 11. Dimethacrylic ester of

triethyleneglycol; 12. Specific weight, kg/(m , 13. Viscosity
according to VZ I at 200C, sac; 14. Coiitent of styrol, %£;
15. Life capab,.Lity at: 200C, in months, not less than;

16. Gelatfni ,'t"-on ".-ime at 200C with 3% cumene hydroperoxide

and 8% accet,-,•anr.. NK, min; 17. Total shrinking during
setting, %; 18. Designation; 19. Connective for glass

plast!.-ý-- a-id compocitions hardened at room temperature;

20. Preparation of components from glass ..fiber laminates.
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TABLE 149. CHARACTERISTICS OF CATALYSTS AND
ACCELERANTS OF HARDENING AGENT NPS

11a111ML-Hounmle~~ IHS4tlwaTopa 2 3u~~pw Tea, C 'a.
evQ~opi~eillBlsIIII'l81 J0lxlT. 1 oA UY s.1

9 I'lY 61MIM1O75-67 (CTY3 io,75L' 0,60

-53Ho I iI

12~ Initiators; 6 1111YX~ enaT e peroxie I~)ITanJNKP8949

beoN4; 1.Yiuy eoidT S o 744 p. 62;

15. AccH-eleran NK (aIT"ýP solution of hteae fcbati
stro),MTU 60-1075-l~67 (STUZ 1419-64) 16., LIquid
specifi5weigh 0. ghcc 18. Detyaaie1,40S 16-8
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TABLE 150. CONSTITUTION OF COMPOSITIONS ON A BASE OF NPS

7 KoAPI'cCTuo •omnoIIVToD U ,eCCOSUX 44CMsxMarepiiam. 6' I ~ I;' _____ ________ •;
X,3 2 1 X,

8 Cwmna 1H.3 0310.) 1W ! 100 20

9 1 j3.6 - - - - 100
10 rflnepq3 '3-4 3-4 3-4 3-4 -
1] YcKophTenb HK 8-10 8-10 8-.0 8-10 -
12 Kaapuenan My'Ia 200-225 200-225 - 200-225 -

M3 ,onoNa = cioea - - 40 - 40
14 IeJnaR cama (BTY 1672-A- - 10-20 - 10-20 -

63P)
15 )>KIIKOCTb XCtipaKpliJ TWi - - - 5-10 -
16 floajon 'a1 nacI lO aM.IIa -- - 10-11

Key: Key: 6. Materials; 7. Quantity oi components in
parts by weight; 8. Resin PN-3; 9. Resin ED-6;

10. 10. Cumene hydroperoxide; 11. Accelerant NK;
12. Quartz powder; 13. Crushed mica; 14. White
silica gel (VTU 1672-A-53R); 15. Liquid "Styracril
TSH"; 16. Polyethylenepolyamine.

Bibliography

1. Kardashov, D. A. Synthetic Glues. Moscow. "Khimiya", 1964.

2. Motovilin, G. V. On Strength of Adhesive Compounds. LDNTP, 1965.

3. Motovilin, G. V. Adhesive Cqmpositions--- Repair Material LDNTP, 1965.
4. Motovilin, G. V. Epoxy Adhesive Compositions in Tubes. LDNTP, 1967.

5. Nalyshev, G. A., Ezerskii, A. N. The Use of Plastics When
Repairing Automobiles. Moscow "Transport", 1966.

6. Technical Industrial Charts on the Repair of Automotive Parts with
Synthetic Materials. NIIAT. Moscow. "Transport", 1968.

7. An Album of .Industrial Charts on the Repair of Tractor Parts with
Polymer Materials, Moscow. Bureau of Industrial Information, GOSNITI, 1965.

-295-



CHAPTER IX, PAINT Al"D VARNISH MATERIALS

§ 1. Classification of Paint and Varnish Coatings and Materials

Paint and varnish materials are intended for creating protective and
decorative coatings on metallic and wood surfaces of automobiles and their
assemblies. As a rule, the coatings are made with multiple layers consisting
of prime coat, complete or spot first coat, and several layers of color.

CoatW°gs are classified and designated according to GOST 9894-61 by
type of film formation and ire divided into four classes according to the
appearance of the coating (Table 151) and into eight groups according to
conditions of operation (Table 152); besides this, the coatings• are divided
according to the degree of luster into glossy, semi-glossy and mat. The
symbol of the coating corresponds to the symbol of the base material, the
class of coating and the group.

Paint and varnish materials are divided into basic (varnish, paint
or enamel, prine and first coat) and auxilliary (solvents, diluents or
thinners, removers, compounds for preparing surfaces for painting, compounds
for maintaining the coatings and others). The basis of paint and varnish
materials of the first group is a film-forming substance (film-forming
material)--- hard, liquid or combined.

Natural or synthetic resins and cellulose esters belong to the hard
film-forming materials; and to the liquid, various vegetable drying oils and
products of their processing--- drying oils.

Modern symbols (labeling) of basic paint and varnish materials consist
of five groups of symbols (GOST 9825-61).

Group I--- designation of materials by the whole word (lacquer, prime.
first coat and so forth). Group I1--- conventional symbol of the type
of film-forming substance (Table 153). Composite fil,_ ... ing materials
are designated by the basic (prevailing) product.

Group III shows the basic symbol of the material (Table 154).

Group IV shows a series of numbers appropriate for a given material of
1, 2, or 3 ciphers.

Group V designates the color of the mater,•l. with the whole word
(blue, gray-blue and so forth). It is completely acceptable to designate
the color of the material with a conventional number.

Earlier labeling of paint and varnish materials which still exist
at the present time contain numbers without a system, texturcl symbols of the
material and other designations.
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TABL 15. CASSIICAICUS OF COATINGS ACCORDING TO THEIR EXTERIOR
APPEAPANCE

rpefonaniu K nonepxý nflliilcpbl oxPauji.

5 A. fli~nompxio 1IOCmH 11 Aoy1ýTIiMUe Bailu" 8BTo0CIf0(11) COCT11b rloK;)UTaa
AC4)KTW 110nl MCIMIII

I2 3 4

6 7 39
Pomian. r.iaA- fie AoflyCKIIOTCI1 AC* Hapywimbi no. rP>.WI, OGUt6R

Kant. oAitOTOtt* c!K`Tbl nOB(cpXIIOCTii, tlCPXIIOCTII KY30000. It 1W1MC~an wnaT.
Htas IIIIAHM1,!Q We npitmtettc- OfllpetIuf, tKarlOToti JicKa, 3-6

Hits1 ync~it'titnclbitubx acrKonbi x l oiOMio cJIoca Kpacxii
nptt6opoo 6itJnCtt ObClIcwrO

10 11 K3C 12 13
11 Poinuan, rniazt tlonycxaoTacH OT- fHpyxwitbc no- 1'pyHT, o6man
Kan~, oAitoToit* Aenbtlime, MflflO3TICT- 13CPXtIOCTII KY30- 11 NICCMttau IlinaT.
Hagl 11:11 C X3- IMw 603 npum~encimtst 0013 onepettin it Jieuxa (o6uwai -
PawrepibtM pit- Y1C.'111titTeJ"bHUbX npli* KanfOTOtl nerFKoDux iu Dcorlla), 2-.
cyttixom . 6opoli copittigi, uc.IAw avomoftonief, 30. 4 C-1011 KpaCxii

3311ItCTKII, plICKII, TO6I;COB, Call~Tap-

III rJman1a~, o)- 5jlonycatwo-rcn OT. 6 I-lapywotue no. L7 rpytti, Nec7r.
ttOTOtttl~a 11.111 C ;.cjlt~ttbtC, 3flMCT11bIC BCpxIIOCrTI ica6mit, iias wnaTAiCnta,
xapaHTCpitbL4. 603 flpttMICHOtt1f ytiC. onepcttit it Kano- 1-3 CAOIR Kpac-
pHCytIKOM Jlit'Iit17C.blibtX nptt60. TOO rPY300biX .1U- Kit

Poll COP1titxit, pIIcKIt, ToN10611.1d~ 11 10TO-

xii, a TUM H IC ipoBI.0* cratiKit i1 OOOPYAO-
CTII, ClUtRMiIbie C CO- 111ai111 BBTOPC,\IOttT*
CTOR1tti011 I!Oi3QPXIIOCTII tibi X 3313A0D It
AO oKpaIttitontitisi 8aOrpatCnoprT~btX

IiPeAilPUTtIIrt, tlttyT.
pettttiic nonepxtto.
ZTtt ncicroonx io.
TO~to6tt-.er It 111TO-
6ycois

18 19 20 21
IV AOT~orotttta AIonycKIPToCHi lie. aouraimut, rpyHwr (tie

HANli C XapaKTCP- po~uioCTI', czisI3altttbIC Tp3CIIICCjitt, . pa. Iicer~ta), 1-2
HtUM PtICYttKOM C COCTOflIMICN o~ajt 2hIbI, HJUCCI At1ICKit CJIOR - KpilCKH.

DCMIOR n00CpxtocxII KOACC Roiec, aylots I. tom~ mec, lHaR
it Apyrue Ac-PeKTU, TO\to6HTICr1-CaMtO- Wfl8TAJIIIK
BHtflittb!ý 60e HpiACtictcuanor it ne-pCesnH*
t11t5 YOCVINtUtTC.'ibltUX tI~e mnar.1 op~mw
tIPHt6OPOo, lIe u-11it810O rpY30UWbX ;ADTO.NIO-
ijitc Ila 33111,1it11tble 6'tMCfl IIII)KtItII~ no-
CBOi1CTII3 noKPbTItH tiepxttocri aOlT06y-

COB It aooITOM6tt.1d'i.
4iyproitou



Key for Table 151: 1. Surface; 2. Requirements for the
surface and tolerance of defects; 3. Examples of painting
in automotiva techniques; 4. Composition of coatings;
5. Class of coating; 6. Even, smooth, uniform color;
7. Defects on the surface which are visible without using
magnifiers are not permitted; 8. Outer surfaces of '•dies,
fenders, hoods of light automobiles of superior class;
9. Prime, total and spot first coating, 3-6 layers of paint;
10. Even, smooth, uniform color or according to pattern;
11. Dust particles, cleaning marks, lines, strokes and so
forth which are barely noticable without magnification are
permissible; 12. External surfaces of bodies, fenders, and
hoods of light automobiles, buses, sanitation machinery;
13. Prime, total and spot first coat (total--- not always),
2-4 layers of paint; 14. Smooth, uniform color or according
to pattern; 15. Dust particles, lines, cleaning marks,
brush marks and also unevenness caused by the condition of the

surface before painting are permissible if they are only
slightly noticeable without using magnification instruments;
16. Exterior surfaces of cabins, trim and hoods of heavy
duty automobiles and vans, machines and equipment of automotive
repair factories and automotive transport industries, interior
surfaces of light automobiles and buses; 17. Prime, spot
first coat, 1-3 layers of paint; 18. Uniform color or according
to pattern; 19. Unevenness connected with the condition of the
surface to be painted and othei defects visible without
magnifLiation but which do not affect the protective properties
of the coatings are permissible; 20. Engines, transmissions,
frames, chassis, wheel discs, bodies of automotive dump
trucks and wooden platforms of trucks, surfaces underneath
buses and vans; 21. Prime (not always), 1-2 layers of paint.
Sometimes local first coat.
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TABLE 152. CLASSIFICATION OF COATINGS ACCORDING
TO OPERATING CONDITIONS

~0

12 3

5 6 7 8
C ~ 11e Hop~a.1blibIC Yc01ow2 91(c. BuiyrpCIIuxIfn OACAe~a 3Aa-

BlfyTpII nome- nfl~yaTlUIIUII 13 OTafl"111lI0CMbIX 1111 A, oxpacaCX aIIMUM H
If flcIITIlJ11IpyeNIbWX nomeczuc. o6opyaiouammw aBTope.MOIIT-
ifi fnx. TcemICpaTypa B0332X,1 Hb1AX 3,1OOL0a if aBTOTpaUIC-
25 ± 100 C; OTHOCUTrC.1iiani nopriliwX flpeonlpnifTiii, allYT-
B.,K110M~r 651 150 npu IpciCIIImIJ OrAe.,IKa aflTOM0I6H1C;le

9 10 .2O:5V C 11 12
Armoc~epo- A B0332WiACTruIc aT%1OC(FepIlbIX OxpacK3 flapyKijiLx rigo

CToAKIcie ocau~on, comiicquilo paaaia. BePXIIOCTell 80To.No6t.,eft HI
111111, hiopcKorO TymaIita. ar- arperarOB, o6opyAooa)HRs
stoc(IlepL, 3arpA113IIciI1oA npO. a1BTOTp~lICI10pTbIWX npeA-
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.qwo. Tce:ncparypa B13O3lyxa Bile flOMCILCHIalIft
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TCA1,bla14 Bn.aWKIoCTb AO0 950A

13 lA npi 25' C 1
iMI~qeCKH 130321CrICT131C 1TM0C~pCpbI, OKpacIxa o6opy21ooalilni 3a-

CTaflKiie co21ep~aitert arpeccFimwe~ ra- psJ4AIbUX Mriundt, Y43CTKOB
17 36, It fiaphi PC.Nsowra as~xyMsYJI5ITp0B

20 XI( 8 BO3ICIICTHIffl xitciior 9gTo Hce
23 XILU 1 BU3.1dIC11111C Iuca'e.111 22

BO21OCTOANIC24 B 5 13o321er1Cuc ro1 pccsorl noabi 26OHpacxa Njoetitioro o~opy.
it ce iiapol3 - onamin fltorjrn2aKTOpHeB

27 B3M 8 1303ý'CrICTBulC M:OPCiHof BO2~bl

ropMOCToAWI(e " *3  1303ACHTWIC :n0 uonwweuuIIUX O1pa~hci~ ncin i oe))l y.

Mu111CTcOincis M 3 i 3039dicfruie NsII'separnia'w. 6 Oiipacixa iiiyrtensisix 1 o.
.%UdCanJ 11 ICIICIICTOI tIII~x aiepxiiocrcij Kaplepol, Ali if a.
C1MJiOl TCJII 11 TPaIIC~jICIsCrasfl,l~a .

37 38 39 zonaomr III)1Io1( 601)}'1011. I 11,
601130CTrOlle: GI 1331iJ.l~~IeZJII 60,131,111. xec 0 W.hpmc (iIyrimmIisx it)-

pocimia if apyrux lictiraenlo. asOIMXIOCTerl 11i~lJII3Iux 61,
AyxzOU, lie CO21CP~4aIiw IIpO. iP0 101 -'I~Mo161in21ii, TOliIA B).41 42 I 'Ic% coe!Aiiiienisf1 - Ilip-ano'iiioro 06opy2oisa ii st
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Key for Table 152: 1. Group of coatings; 2. Designation;
3. Operating conditions; 4. Purpose; 5. Resistant in-
doors; 6. P; 7. Normal conditions of operating are in warm
and ventillated rooms. Temperature of the air 25 1 10OC;
relative humidity 65 t 15% at 20 t 5°C; 8. Interior trim of
buildings, painting of machinery and equipment of automotive
repair factories and automotive transport industries, interior
trim of automobiles; 9. Atmosphere resistant; 10. A;
11. The effect of precipitation, sun's radiation, sea coast
fog, the atmosphere, contamination by industrial gases and dust.
Temperature of the air from -60 to + 600C; relative humidity
from 95% at 2500; 12. Painting of exterior surfaces of
automobiles and assemblies, equipment of automotive transport
industries which is used inside; 13. Chemical-resistant;
14. KH; 15. The effect of the atmosphere which contains
corrosive gaseous vapors; 16. Painting equipment of charging
stations, sections for repair of batteries; 17. KHK;
18. The effect of acid; 19. Ditto; '20. KIISHCH; 21. The
effect cf alkalis; 22. Ditto; 23. Water resistant;
24. V; 25. The effect of fresh water and its steam; 26.
Painting washing equipment of the preventive maintenance
building; 27. VM; 28. The effect of salt water; 29. Thermal-
resistant; 30. T; 31. The effect of elevated temperatures
from 60-500°C; 32. Painting of furnaces and equipment of
thermal mills; 33. Oil-resistant; 34. M; 35. The effect
of mineral oils and lubricating grease; 36. Painting internal
surfaces of gear cases of engines and transmissions, oil-pumping
equipment; 37. Gasoline-resistant; 38. B; 39. The effect
of gasoline, kerosene and other petroleum products which do not
contain aromatic compounds; 40. Painting interior surfaces of
fuel tanks of automobiles, fuel-pumping equipment; 41. Electric
insulating; 42. E; 43. The effect of electrical current,
corona discharge, electric arc and discharge surfaces; 44.
Painting electrical equipment of automobiles, repair factories
and automotive transport industries.
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TABLE 153. CLASSIFICATION ACCORDING TO FILM-FORMATION
(USED IN AUTOMOTIVE MATERIALS)
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Key: 1. Type of film-forming substance; 2. Conventional
symbol; 3. Pentaphthalic resin; 4. PF; 5. Glyphthalic;
6. GF; 7. Melamine-alkyd resin; 8. ML; 9. Alkyd-
styrol film-forming material; 10. MS; 11. Phenol resin;
12. FL; 13. Phenol alkyd resin; 14. FA; 15. Epoxy
resin; 16. EP; 17. U.rea resin; 18. MCH; 19. Bitumen
and asphalt; 20. BT; 21. Nitrocellulose film-forming
material; 22. NTS; 23. Ethylcellulose film-forming
material; 24. ETS; 25. Polyvinylchloride and chlorinated
polyvinylchloride resins; 26. KHV; 27. Drying oils
and vegetable oils; 28. MA; 29. Colophony and its
products; 30. KF; 31. Saturated polyesters; 32. PE.

TABLE 154. CLASSIFICATION ACCORDING TO PURPOSE
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Key: 1. Purpose of the material; 2. Conventional
symbols; 3. Atmosphere-resistant; 4. Stable interior
room; 5. Special; 6. Stable in corrosive atmosphere;
7. Heat-resistant; 8. Electric insulating; 9. Prime
coat and varnish semi-products; 10. First coats.
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§ 2. Varnishes and Enamels

Varnish means a solution of hard film-forming material in solution.
For improving the quality of varnishes (modification) sometimes liquid
film-forming material is added to it.

Enamel or enamel paints are a suspension of hard paint substances
(pigment) in varnish with an additive when necessary of a plasticizer,
thinner or desiccant. Water-emulsion lacquers contain, besides, up to 20%
water used as part of the thinning agent to decrease the viscosity of the
material.

Standard indicators of the quality of enamels are the following.

Color and external appearance of the film after drying are determined
according to OST [Obshchesoyuznyi Standart,. All Union Standard] 10086-39,
MI-19 visually. If the shade of the color is standard, then it shows a
number of the color according to the card catalogue of standard colors
(TU KU-292-61).

Viscosity of the material (upon receipt or after adding a certain
quantity of prescribed solvent or operating viscosity) is evaluated
according to GOST 8420-57 at 18-220 C for time (sec) of applying 100 ml
of the test product through 4-mm opening of the viscometer VZ-4. Depending
on the method of applying the coating, the required viscosity varies: for
brush--- 30-50 sec, for paint spraying--- 18-35 sec, for dipping or
pouring--- 12-20 sec, for spraying in an electrical field--- 12-16 sec.

An increase as compared to the standard viscosity causes worsening
of spraying of the material, increased outlay of paint, thickening and
unevenness of the coating. Decreased viscosity due to excessive addition
of the solvent or thinner causes the formation of a thin coating and requires
multi-paint coatings, and also increases the outlay of solvent (thinner).

Drying time (minutes or hours) is divided into "dust free drying",
that is from the moment of the formation of a film on the surface of the
painted layer, which prevents dust sticking to the coated surface, and
complete (or practically complete), when the material has hardened the
entire thickness of the layer applied. Depending on the type of film-
forming material and the composition of the solvent (and thinner) the
coatings dry at room temperature (18-23 0 C) or at an increased temperature
which guarantees %Lot only adequately fast evaporation of the solvent, but
also accomplishes a polymerization reaction, hardening and oxidation of the
film-forming materials. Drying time is determined according to OST 10086-39,
MI-17.

Covering power, that is the capability of paint and varnish materials
to make the color of the surface being covered invisible with a (coating)
of another color when applying to it a thin even layer; it is evaluated
(GOST 8784-58) according to the weight of the film after drying of paint
applied to a glass plate in a quantity adequate for coating a black and
white checkered board; it is expressed in g/m2 . The smaller this indicator,
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the better is the covering power of the paint and the less outlay of paint
is required.

Bending strength characterizes the elasticity of the painted layer and
stability of the coating during deformation of the painted surface; it is
determined according to GOST 6806-53 by a method of bending metallic bands
with an applied coating around a rod of varying diameter and expressed by a
minimal value of the diameter of the rod (mm), when the coating has not
yet been destroyed during bending around the rod.

Impact strength is characterized by a capability of the painted layer
to resist disintegration under the effect of a shock load; it is evaluated
according to GOST 4765-59 by the maximum height of fall of a load of a mass
of 1 kg under whose impact the coating does not disintegrate.

The measurement of this indicator--- kg * cm.

Hardness is determined according to GOST 5233-67 by comparison of
the length of oscillation of the pendulum of the instrument which rests on
the tested coating with the length of oscillation of the pendulum itself,
but which is leaning on the glass; it is expressed by the ratio of time of
oscillation on the painted surface to time of oscillation on the glass.

The larger this indicator the harder the surface.

Varnishes and Enamels on Nitrocellulose Film-Forming Material

Lacquer is a solution of nitrocellulose (olloxylin) in solution.

For decreasing brittleness of a dry film in lacquer a plasticizer is
added usually castor oil but also alkyd resin.

Nitrocellulose enamels are suspensions of pigments in lacquer with an
additive of plasticizer in resin.

The physical and technical properties of rnitrocellulose eaamels and
nitrocellulose varnishes (lacquer) are presented in Table 155.

Nitrocellulose enamels usually are applied to the painted surface
using paint spraying, less often by brush. The table gives operating
viscosity and the quantity of solvent added for spray application. For
dissolving colloxylin and thinning nitrocellulose enamel and lacquers to
operating viscosity special solvents and additives are used: mixtures of
alcohols, acetates and aromatic hydrocarbons (see Table 165). The use of
any composition (gasoline, white spirit and othirs) as thinning solvents
results in coagulation of the lacquers and nitrocellulose enamels.

The low solubility of colloxylin in solutions prevents formation
during drying of lacquer (enamel) thin films, which causes the necessity for
multi-paint painting (3-6 layers of paint).
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Drying of lacquers and nitrocellulose enamels occurs as a result of the
evaporation of volatile solvents. The speed of drying of lacquer even at
room temperatures (18-200C) is very large; during drying a reversible film
forms which is capable, again, of being dissolved in solvents. The speed
of drying lacquers makes feasible their wide use in the repair of automobiles
in automotive repair and automotive transport industries, which do not have
"nauipment for heated drying of coatings.

Coatings of nitrocellulose enamels and lacquers are fairly resistant
to the effect of miaeral oils, gasoline and other petroleum products which do
not contain aromatic hydrocarbons, and also to weak alkali solutions. Long
exposure to water causes delamination of the coatings.

Coatings of nitrocellulose enamels are resistant to the effect of
temperature within limits from -41 to +600C. At temperatures higher than
90-1000 C, the coatings disintegrate and can burn spontaneously.

During drying of nitrocellulose enamel a semi-gloss surface forms which
attains a mirror surface upon polishing.

For improving the capability of nitrate film to be polished it is
recommended that the last layer of enamel coating be dried at a somewhat
higher temperature (507600C).

An inadequacy of nitro coatings is weak adhesion to metal, so that a
good prime coat must be applied to the nitrocellulose enamel. For improving
adhesion of nitrocellulost enamels sometimes they are prepared in combination
with other film-forming materials: glyptals, pentaphthalic and epoxy resins
(Table 156).

For decreasing the outlay of expensive solvents during applying
nitrocellulose enamels by paint spraying, it is recommended that enamels are
preheated for decreasing viscosity (not higher than 40-500C); this increases
the thickness of the layers of enamel applied and decreases the necessity
for applying numerous coats to get the required thickness (75-125 micro
meters).

Varnishes and Enamels on a Base of Alkyd Resins

Pentaphthalic and glyphthalic resins belong to the alkyd which are
obtained by the interaction correspondingly of pentaerythritol (tetra-
tomic alcohol) or glycerin (triatomic alcohol) with phthalic anhydride.

Alkyd varnishes are prepared by a solution of resins in solvents.
Alkyd enamels are suspensions of pigments in alkyd varnishes, which are
modified by an additive of thinning oils (Table 157). Drying of alkyd
enamels occurs with evaporation of the solvent (forming a reversible film)
and further condensation polymerization of resins with the formation of
non-reversible film. At temperatures 18-200 c, alkyd lacquers dry during
24-48 hours; an increase in temperature shortens drying time, makes the
coating stronger and gives it more resistance to the effect of fuels,
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mineral oils and external atmospheres.

Elasticity and atmosphere resistance of alkyd enamels depends on the
quantity of the thinning oil introduced into the compound; the more oil the
higher the elasticity but the lower is hardness, luster and alkali
resistance.

Alkyd varnishes and enamels can be applied by all methods: brush,
spraying, dipping and pouring and also by spraying in an electrical f-ld,

For preparing alkyd varnishes and enamels, and also for thinning them,
more obtainable and cheaper solvents are used than for nitrocellulose enamels.
The thickness of the film after drying of alkyd enamels is greater than
nitrocellulose enamels.

Alkyd materials possess high adhesive capability in relation to metals
and ýood. Therefore, they can be applied without a prime coat or used as
a pr. coat-enamel.

it. r hot drying the coating of alkyd enamels has a glossy or semi-
glossy :,pearance and can be polished well to a mirror shine.

Emulsion enamels belong to the alkyd paint and varnish materials
group, the composition of which, besides alkyd (gliphthalic) varnish and
pigmen", oily film-forming materials are introduced, water and dessicants.

Melamine-Alkyd Enamels

Melamine-alkyd varnishes and enamels (synthetic varnishes and enamels)
are prepared on a base of a mixture of melamine-formaldehyde and alkyd
(glyphthalic) resin (Table 158). Drying of enamels occurs because of
evaporation of the solvent and condensation polymerization of the resin.
For complete drying one must increase the temperature 120-140°C, at which
a non-reversing film forms. After hot drying the coating made from melamine-
alkyd enamel has good gloss (can be improved by polishing), high atmosphere
resist-nce, elactircity and hardness, resistance to temperature within limits
from -40 to +600C, high resistance to the effect of water, fuel, and oil.

Melamine-alkyd enamels can be applied by paint spraying in an ordinary
paint chamber, and also by spraying in an electrostatic field.

Urea Enamels

Urea ename•ts are made on a base of urea-formaldehyde resins. Drying
of urea enamels occurs because of evaporation of the solvent and condensation
polymerization of the resin with the formation of a non-reversing film;
for this it is necessary to have hot drying at temperatures 120-1400C.

Urea enamels form after hot drying of the coating to good hardness

with good glosa and high atmospheric resistance, gasoline and oil resistance.
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Urea enamels can be applied by paint spraying, dipping, pouring and spraying
in an electrostatic field in two or three layers en glyphthalic or
phenol prime coats. For painting parts of automobiles they use urea enamel
MC11-139 and MCH-123 (see Table 158). When repainting a coating of urea
enamel it can be removed uving hot alkali baths or compressors.

Alkyd-Styrol Enamels

Alkyd-styrol enamels are prepared on a base of alkyd-styrol resin---
a product of copolymerization of styrol and al.kyd resins--- with an additive
of plasticizer and desiccant. Before use 3 -5% desiccant No. 63 is added
to the enamel.

Alkyd-styrol enamels possess good adhesion to metal and wood. The
coatings of these enamels are resistant to the effect of petroleum
products, weak alkalis and salt solutions; the temperature resistance of
enamel is up to 80 0 C (Table 159).

Phenol Lacquers

Phenol varnishes and lacquers are made on a base of phenol-formaldehyde

resin which occurs in phase A of the process of condensation polymerization.
For modification of enamels sometimes thinning oil is added. Phenol-
varnishes and enamels not modified by thinning oils are brittle. Non-
reversing films of phenol enamels are obtained during hot drying (180 0 C)
for a period of 0.5 hours. The coatings of phenol enamels and varnishes
possess good hardness, atmosphere resistance and resistance to the effect
of fuels and mineral oils (see Table 159).

Polyvinylacetate Enamel

Polyvinylacetate enamel VL-515 made on a base of polyvinylbutyryl
with an additive of phenol and melamine-formaldehyde resin is capable during
hot drying (120 0 C) of forming a non-reversing film resistant to the effect
of petroleum products, water, steam and changing temperatures. Good adhesion
of this enamel in relation to metal permits applying a coating without a
prime coat (see Table 159).

Bituminous and Asphalt Varnishes and Enamels

Paint and varnish materials on a base of bitumen and asphalt
(Table 160) are prepared both without additives and with additives of
thinning oils. In the first case,the bituminous-asphalt composition forms
a reversing film capable of dissolving in petroleum products and melting
during heating. In the second case, the oil base during drying forms a
non-reversing film, resistant to the effect of the atmosphere, moisture,
acid and able to protect metals from corrosion well. The second group of
bituminous materials is used in automobile manufacture.
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Bituminous varnishes and enamels are applied by spraying, dipping and
by brush.

Oil Varnishes and Enamels

Paint and varnish materials on an oil base (see Table 160) are prepared
from natural resins (esters of colophony, amber and others) and thinning
drying oils (linseed, hemp seed and others). Desiccants are introduced for
oxidizing anu polymerization of an oil base in combination with these
materials.

The protective and decorative properties of oil varnishes and enamels

depend on the type and quantity of oil base. With an increase in the
quarntIty of oil elasticity and atmosphere resistance of the film improves,
but ti, line is poorer and their hardness decreases.

Drying (i.Z and Desiccants

Drying oils are one type of liquid film-forming material. They are
obtained by a method of thermal processing of siccative and semi-siccative
thinniný oils and by addition of a desiccant. When heating to 275 0 C a
polymerized drying oil forms, and w'hen heating from 100-1200 C with simultaneous
blowing out of the air--- a drying oil "Oksol'". The best drying oils are
obtained from linseed and hemp seed oils.

Combination drying oils are made from semi-siccatire oils, and glyphthalic
ocn a base of glyphthalic resin. Drying oils which are not based on oil are
not used in automotive manufacture.

Desiccants are catalysts of oxidized polymerization of siccative
thinning oils and drying oils. They are lead, manganese and other powders
of fatty, petroleum or resin acids. For use, desiccants are introduced
into thinners (desiccants No. 63, 64' and others) or oils (extracts, No. 1,
2 and so forth). Ready to use desiccants are transparent liquids (or with
slight residue) from yellow to brown color.
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TABLE 155. NITROCELLULOSE VARNISHES AND NITROCELLULOSE LACQUERS
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Table 155, con't.
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Table 155, con't.
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wey for Table 155: 1. Designation, symbols and GOST or TU;
2. Color; 3. Operating viscosity according to VZ-4, sec;
4. Solvent; its quantity, % by weight; 5. Drying time,
minutes, not more than; 6; "Dust free"; 7. Complete;
8. Covering power, g/m 2 ; 9. Strength during; 10. Bending;
mm, not more than; 11. Impact, kgcm, not less than; 12.
Hardness, not less than; 13. Primer required; 14. Drying
procedure; 15. Temperature, °C; 16. Length, hours;
17. Use; 18. Nitrocellulose varnish No. 930 for automotive
factories (TU MKHP 270-41); 19. Colorless; 20. Coating of
external surfaces of components and for imitating work;
21. Nitrocellulose varnish 5T (TU MKHP 908-41); 22. Paint
and varnish of conductors of low voltage automobiles; 23.
Nitrocellulose varnish: (GOST 7930-56): 24. Gray-green;
protective-green; green-protective; gray; 25. GR-020;
26. Painting bodies, fenders and hoods of trucks; 27.
Nitrocellulose enamels (TU KU 479-56): 908sp; 909sp; 910sp;
911sp; 28. Olive green; electric blue; gray; beige;
29. GF-020; 30. Ditto; 31. Nitrocellulose enamel 938sp
(TU YAN 314-62); 32. Gray-green; 33. GF-020; FL-03K;
NTF-081; 34. Nitrocellulose enamel (GOST 7462-.55):
624a; 624s; 625; 35. Brick red; gray; light green;
36. GF-020; NTS-081; 37. Painting engines: 624a---
interior surface of gearcase; 624s and 625--- exterior surface;
38. Nitrocellulose enamel 660 (GOST 5753-51); 39. Black;
40. PDV; 41. Ditto; 42. Painting chassis, frames and
transmissions of automobiles; 43. Enamel NTS-262 (MRTU 6-10-915-
70); 44. Ditto; 45. Nitrocellulose enamel 511 (GOST 2699-69);
46. White; 47. GF-020; 48. Painting bodies, trim, hoods;
of light automobiles; 49. Nitrocellulose enamel NTS-11 (GOST
9198-59); 50. NTS-II-00; 51. Black; 52. GF-020; FL-03k;
53; Painting bodies, trim and hoods of light automobiles;
54. Remainder; 55. Various; 56. FL-O3kk, FL-OI5; 57.
The last layer, extra; 58. Nitrocellulose enamel NTS-25
(GOST 5406-60); 59. PDV or No. 646; 60 GF-020; 61. Painting
interior surfaces of buses; 62. Nitrocellulose enamel NTS-22
(TU KIGIP 4555-57); 63. Gray; beige; 64. GF-020; 65. Pain.ing
internal surfaces of bodies, hoods, of light automobiles. Top
coated with nitrocellulose varnish No. )30; 66. Nitrocellulose
enamel (TU YAN 20-57 and 53-58): 67. 76M sp; 68. White;
69. Painting armatures of automated instruments; 70. 770 sp;
71. Cream-colored; 72. Nitrocellulose enamel (TU MKHP 1603-47,
4520-56 and 1677-47): 73. 356; 74. Cream colored; 75. Ditto;
76. 357 sp; 77. Gray; 78. 358; 79. Brown; 80. 512;
81. White; 82. Nitrocellulose enamql engine turning NTS-291
(TU MKHP 278-51); 83. Red; green; straw colored; 84. By brush;
85. Not diluted; 86. Full after one coat; 87. For painting
engine numbers.
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TABLE 156. NITROGLYPHTHALIC, NITROPENTAP!ITHALIC AND
NITROEPOXY RESINS
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Table 156, con't.
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Key for Table 156: 1. Designation, symbols and GOST or TU;
2. Color; 3. Operating viscosity according to VZ-4, sec;
4. Solvent; its quantity, % (by weight); 5. Drying time,
minutes, not more than; 6. "Dust free"; 7. Complete;
8. Covering power, g/m 2 , not more than; 9. Strength during;
10. Bending, mm, not more than; 11. Impact, kg * cm, not less
than; 12. Hardness, not less than; 13. Primer required;
14. Drying procedure; 15. Temperature, °C; 16. Length, hours;
17. Use; 18. Nitroglyphthalic enamel NTS-132: (GOST 6631-65):
NTS-132K (by brush) NTS-132P (for spraying); 19. Varied;
20. 23-32 (on delivery: K-100, P-60); 21. 3 hours;
22. GF-020, FL-03k, NTS-081; 23. General use enamel for
painting metallic surfaces; 24. Nitroglyphthalic enamel:
No. 517, 518, 519, 521, 522sp, 523sp, 531sp, 532sp, 533sp,
534sp, 535sp, 536sp, 5 37sp; (TU MKHP 4355-56, TU YAM 176-60
and others); 25. Ditto; 26. For painting bodies, fenders,
hoods of trucks in two layers; 27. Nitroglyphthalic enamel
NTS-273 (MRTU 6-10-895-69); 28. Aluminum; 29. 16 hours;
30. Without a primer; 31. For painting exterior surfaces of
automotive engines; 32. Nitropentaphthalic varnish NPF-10
(TU MKHP 2555-51); 33. Protective; 34. 28-32 (with a brush
35-40); 35. For spraying No. 646; for brush No. 640; 36.
5 periods of 24 hours; 37. GF-020; 38. 5 periods of 24 hours;
39. For painting bodies, trim, hoods, assemblies and other
parts of trucks in two layers; 40. Nitrocellulose epoxy
enamel EP-191 (GOST 15943-70); 41. Varied; 42. GF-020,
FL-03k, NTS-081; 43. For painting bodies, trim, hoods of
trucks.
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TABLE 157. GLYPHTHALIC AND PENTAPHTIIALIC VARNISHES
AND ENAMELS
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Table 157, can't.
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Key for Table 157: 1. Designation, symbol and GOST qr TU
varnishes and enamels; 2. Color; 3. Operating viscosity
according to VZ-4, sec for; 4. Spraying; 5. Brush;
6. Thinner (solvent); its quantity, % (weight); 7. Covering
power, g/m 2 , not more than, 8. Strength during; 9. Bending,
mm, not more than; 10. Impact, kg • cm, not less than;
11. Hardness, not less than; 12. Primer required; 13.
Drying procedure; 14. Temperature, 0C; 15. Length, hours;
16. Use; 17. Varnish pentaphthalic No. 170, GOST 15907-70;
18. Colorless; 19. Solvent, xylene, white spirit (turpentine
substitute], mixtures-of them (2:3); 20. Without a primer;
21. Additive to enamel PF-115 for giving the last layer a
high luster (not more than 100% of the enamel); 22. Pentaphthalic
enamel PF-115, GOST 6465-63; 23. Black; red; cerise; white,
other; 24. Solvent, whits spirit, turpentine, their mixture;
10-25%; 25. GF-020;' 26. Painting bodies, hoods, trim of
buses; 27. Pentaphthalic enamel PF-223, GOST 14923-69;
28. Black, white; yellow; other; 29. Solvents, white
spirit; their mixture; PE-4; 10-25%; 30. GF-020; 31. Painting
exterior surfaces of fuel tanks and fuel equipment; 32. Enamels
of glyphthalic emulsion ZIS, TU MKHP 258-43, 259-43, 2180-50,

2424-50; 33. Protective, green, gray; 34. Solvent, white
spirit, 10-25%; 35. (for enamels BIS-23-70); 36. GF-020;
37. Minutes; 38. Painting cabins, hoods, trim of trucks;
ZIS-3--- for wood platforms of automobiles; 39. Enamels of
glyphthalic emulsions GAZ, TU YAN 271-61; 40. Beige;
turquoise; olive green; gray; sand colored; 41. Ditto;
42. GF-020; 43. Minutes; 44. Painting wood platforms of
trucks; 45. Enamel of glyphthalic GAZ-24, TU YAN 247-61;
46. Orange; 47. White spirit; 10-25%; 48. GF-020 or
without a primer; 49. Ditto; 50. Enamel of glyphthalic
GF-230, GOST 2364-66; 51. Black; dark blue; green;
brown; the rest; 52. On delivery; 53. White spirit,
turpentine, their mixture, 20-30%; 54. GF-020; 55. Enamel
for general use for exterior ,rim; 56. Enamel of glyphthalic
GF-92 electric insulating, GOST 9151-59; 57. Gray and red;
58. Solvent, xylene, toluene; 59. Without a primer; 60.
Painting, shea&hing and components of electric engines and
assemblies; 61. Glyphthalic enamels for small automobiles,
TU MKHP 515-51; 62. Varied; 63. Solvent, toluene, xylene
10-20%; 64. GF-020; 65. First coat; second coat; 66.
For exterior painting of bodies of light automobiles; 67.
Glyphthalic enamel, cold drying (KHS), TU OSH 260-54; 68.
Varied; 69. Solvent, toluene, xylene; 70. Without a primer;
71. For applying by brush to small damaged areas of top coatings
of bodies and parts.
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TABLE 158. MEIAM~hIN-ALEYD AND UM(E ENAMELS
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Key for Table 158: 1. Designation, symbols and GOST or TU;
enamels; 2. Colors; 3. Operating viscosity according to VZ-
4, sec, for; 4. Spraying; 5. Dipping and pouring; 6.
Thinner (solvent), its quantity, % (weight); 7. Covering
power, g/m 2 , not more than; 8. Strength during; 9. Bending,
m•t, not more than; 10. Impact, kg I cm, not less than; 11.
Hardness, not less than; 12. Primer required; 13. Drying
procedure; 14. Temperature, 0C; 15. Length, hours; 16.
Use; 17. Melamine-alkyd enamel ML-12, GOST 9754-61;
18. Varied; 19. No. 651, solvent, mixture of xylene and
white spirit (1:1); 10-20%; 20. GF-020, FL-03k, FL-03kk;
21. First layer: 18-20; 5-7 minutes. second layer: 120-130;
1.0; 22. Painting bodies, trim, hoods of light automobiles
and buses; 23. Melamine-alkyd enamel ML-729, STU-79-33 KH-62;
24. Brown; 25. Thinner RKB-I, mixture xylene and butyl alcohol
(1:1); 10-20%; 26. ML-029; 27. Van; 28. Painting in one
coat experior surfaces of containers for petroleum products;
29. Urea-alkyd enamel MCH-139, TU YAN 381-63; 30. Varied;
31. Solvent, xylene, No. 651, RE-l (when painting in an
electrostatic field); 12-15%; 32. GF-018-2; FL-013;
FL-03k; 33. Painting cabins, trim, hoods of trucks by
spraying or in an electrostatic field; 34. Urea-alkyd
enamel MCH-123, STU 14; 35. Black; 36. Solvent, xylene,
No. 651; 12-15%; 37. GF-020, BT-180; 38. Painting frames,
chassis and other parts of trucks.
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TABLE 159. ALKYD-STYROL,, POLYVINYLACETYLENE,,
PHENOL AND CHLORIK.,TED POLYV1NYLCHLORIDE ENAMELS AND VARNISHES
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Table 159, con't:
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Key for Table 159: 1. Designation, symbols and GOST or TU of
enamels and varnishes; 2. Color; 3. Operating viscosity
according to VZ-4, sec, for; 4. Spraying; 5. Dipping and
pouring; 6. Required thinner (solvent); 7. Covering power
g/m2, not more than; 8. Strength, during; 9. Bending, mm,
not more than; 10. Impact, kg • cm, not less than; 11.
Hardness, not more than; 12. Primer required; 13. Drying
procedure; 114. Temperature, °C; 15. Length, hours;
16. Use; 17. Alkyd-styrol enamel MS-17, MU UKHP 105-59;
18. Black; 19. 20-25 (in an electrostatic field 20-22);
20. Solvent, xylene; 21. GF-020, FL-03k: can be without
primer; 22. Painting chassis and other parts of uutomobiles
instead of enamels 660; 23. Phenol-formaldehyde enamel B-241/16
(TU YAN 165-60); 24. Brick red; 25. Solvent; 26. B-241/3;
27. Painting in two layers of internal surfaces of containers
and vessels ior petroleum products; 28. Bakelite varnish A
(GOST 901-56); 29. Light-green; 30. 12-14 for layer;
18-20 for second coat; 31. Ethyl alcohol; 32. GF-020,
FL-03k; 33. Painting in two layers of internal surfaces of
fuel tanks and vessels for oil; 34. Bakelite paint FL-724-1
(VTU LF 37-62; 35. Light-green; 36. For brush 50-60;
37. Ditto; 38. GF-020, FL-03k; 39. Painting vessels for
oil and water. Prepared before use from bakelite varnish---
72%, zinc chrome pigment--- 17%, aluminum powder--- 11%;
40. Polyvinylaceatte enamel VL-515 (TU UKHP 138-59);
41. Brick red; 42. 20-23 (for brush 40-50); 43. Thinner
R-60: mixture 70% ethyl alcohol and 30% ethylcellulose;
44. Without primer; 45. Painting containers and vessels for fuel
fuel and oil; 46. Chlorinated polyvinylchloride and enamel
KHV-113 (VTU UKHP 181-60); 47. Gray, green, red; 48. R-4 +
2 +43% desiccant No. 63; 49. GF-020, FL-03k; 50. For
exterior painting of cabins and trim of! trucks,
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TABLE 160. BITUMINOTIS-OIL, OIL-ASPHALT AND OIL VARNISHES AND ENAMELS
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Table 160, con't.
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key for Table 160: 1. Designation, symbols and GOST or TU;
2. Operating viscosity according to VZ-4, sec, for; 3. Spraying;
4. Dipping; 5. Thinner required; 6. Covering capacity, gim2 ,
not more than; 7. Strength during; 8. Bending, inn, not more
than; 9. Impact, kg • cm, not less than; 10. Hardness, not
less than; 11. Drying procedure; 12. Temperature, °C; 13.
Length; 14. Use; 15. Varnish BT-577 COST 5634--70; 16.
Solvent, xylene, white spirit; 17. 24 hours; 30 minutes;
18. As a primer when painting frames and chassis of automobiles;
19. Varnish BT-123, COST 2347-69; 20. For brush; 21.
Ditto; 22. Minutes; 23. Painting wheel discs, frames, chassis
of trucks with enamel BT 180; 24. Varnish BT-569, COST 14690-69;
25. Minutes; 26. Painting engine parts; 27. Varnish BT-783,
acid-resistant, COST 1347-67; 28. Solvent, white spirit;
29. Hours; 30. Painting in two layer surfaces which come in
contact with battery acid vapors; 31. Automotive paint No. 132,
TU MKHP 277-47; 32. White spirit; 33. Minutes; 34.
Painting automobile radiators with ribbed surfaces; 35. Enamel
BT-180, COST 2346-69; 36. White spirit, solvent, xylene;
37. Minutes; 38. As a primer under varnish BT-577 and BT-123;
39. Enamel BT-538, COST 14689-69; 40. Ditto; 41. Minutes;
42. Painting cylinders and other engine parts; 43. Enamel
BT-539, COST 14690-69; 44. Ditto; 45. Minutes; 46.
Painting frames, chassis and other automotive parts; 47.
Enamel No. 124, TU YAN 220-60; 48. Turpentine, solvent,
xylene; 49. Minutes; 50. Ditto; 51. Paint BT-177,
COST 5631-70; 52. Solvent, xylene, white spirit; 53.
24 hours; 30 minutes; 54. Prepared by mixing varnish BT-577
with aluminum powder; 55. Oil enamel No. 1433, heat resistant,
TU MKHP 4384-55; 56. (For brush); 57. Solvent, white spirit;
58. 24 hours; 50 minutes; 59. Painting metallic and wood
platforms of trucks.

§ 3. Primers

Primers come as suspensions of pigments and fillers in varnish or
drying oil. When it is necessary it is acceptable to add solvents (thinners),
desiccants, and stabilizers to primers.

Primers vary in their pigment content:

with inert pigments (minium, white lead and so forth), for example
primer GF-020;

with passivated pigments (zinc pigment, chromate and so forth), for
example, primer FL-015, GF-017 and others. In primer B-2403, 0.5%
desiccant is also added before use. For speeding up the drying process
of primers FL-03k and FL-O3kk, 2-3% (not more than 5%) of desiccant No.
63, 64, or 7640 is added;
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parkerizing [rust proofing process), which contain phosphoric acid,
chromate and polyvinylbutyral. These primers adhere well to black and
colored metals. When applying primers to the surface of metal, an anti-
corrosive phosphate film is formed. Primers GF-020, FL-03k and so forth
are applied on top of parkerizing primers VL-02, VL-08 and VL-023.

Parkerizing primers consist of two components: film-forming bases
and acetic thinners (15% solution of orthophosphoric acid invalcohol),
which is mixed before use. Depending on the metal being painted the
ratio of base to thinner correspondingly consists of:

on carbon steel On alloy steel,
non-ferrous metals and
alloys

VL-02 and VL-08 4:1 8:1
VL-023 5:1 10:1

After mixing the primer stands for 30 minutes, after which 20-40%
of the solvent is added to the mixture for operating viscosity. The
time period for using the prepared primer depending on temperature will
be:

Temperature, °C Time Period for Use, Hours

-10 - +10 24
10 - 20 8
20 - 30 6
30 - 40 4

Pri~ners (first coats) are applied on surfaces which have first beeni

prepared for painting; they are the connective layer between the metal
(wood) and succeeding layers of paint or varnish coatings, and therefore
must possess superior adhesion. Primers are applied by spraying, brush,
dipping or pouring. Thickness of the first layer is usually 15-20
micrometers.

Indicators of quality of the primers are presented in Table 161.

§ 4. Spackling

Spackling (Table 162) is a paste type material made up of varnish
(or drying oil), pigments and fillers (usually chalk). [The next
sentence is illegible. I

Spackling serves to remove and even out flaws in painted surfaces;
they are applied in paste form using a spatula (blade) when filling large
flaws (spot spackling) or in the form of liquid by paint spraying with
a large size nozzle (total spackling). Spackling, with the exception of
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epoxy spackling is applied in layers with a thickness of 0.5 mm;
repeated spackling occurs only after drying of the first layer of spackling.
The total thickness of the entire spackling layer must not exceed 2 mm
in order to avoid cracking and peeling of the spackle during vibration and
occasional mechanical action on the painted surface.

Spackle must not be dislodged under the spatula and must be satisfactorily
sprayed with the paint sprayer. After drying, when the thickness of the
layer is 0.5 mm, the surface of the spackling must be even, uniform,
without scratches, bubbles, cracks, granules of undissolved pigment and
mechanical additives. The dried spackle (PF-00-2 and KF-00-3) must permit
polishing with a piece of pumice and water or water-resistant sandpaper
No. 4-8 (remainder).

Spackle, besides MF-006 and EP-0010, is intended for leveling and
correcting primed metallic or wood surfaces, and also for correcting
exposed layers of enamel. Spackle 14S-006 is used for filling small
damaged areas on primed surfaces, and also on surfaces primed and coated
with enamel.

Spackle EP-0010 is a primer-spackle intended for leveling both primed
and un-primed surfaces with deep defects up to 15 mm. For applying EP-0010
by spraying a solvent is added for viscosity 24-28 sec, according to
viscosimeter VZ-4 at 200C. Before use for every hundred parts by weight
of spackle EP-0010, 8.5 parts by-weight of hardener No. I is added
(50% solution of he~amethylenediamine in alcohol.

For strengthening the consistency in epoxy spackle, asbestos or
iron powder is added, thoroughly mixed and only after this is the
hardening agent added. The life-capability (industrial stability) of the
prepared epoxy spacklj paste is one to two hours, and thinned with a solvent---
up to 24 hours. I I I

Spackles 175 and 185 prepared with hot drying on a base of glyphthalic
resin and intended for application with a paint sprayer on primer GF-020
under nitrocellulose enamel.

The first coat of emulsion-glyphthalic No. 201 is used for evening
out specific pores and bubbles with a spatula after priming.
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TABLE 161. PRIMERS
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Table 161, con'it.
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Key for Table 161: 1. Brand of primer; 2. Color; 3. Thinner;
4. Working viscosity according to VZ 4 at 18-200C, sec, for
application; 5. By sprayer; 6. By brush; 7. By dipping;
8. Drying procedure; 9. Temperature, 0C; 10. Length, hours;
11. Strength of the film during; 12. Bending, mm, not more
than; 13. Impact, kg " cm, not less than; 14. Use of primer;
15. GF-017 (TU YAN 257-61); 16. Dark brown; 17. Solvent;
18. Priming bodies and cabins of trucks; 19. GF-018 (TU YAN
234-62); 20. Brick red; 21. Solvent, xylene; 22. Then;
23. Primer-spackler for bodies of light automobiles; 24.
GF-018-2, 018-3 and 018-4 (TU YAN 234-62); 25. Yellow. cerise;
26. Ditto; 27. Primer-spackling for bodies and trim of
automobiles, GF-018-2 and 018-4 in an electrostatic field;
GF-018-3 with a paint sprayer; 28. GF-018-7 and 019-0
(TU YAN 309-62); 29. Gray; 30. As the second spackling layer:
GF-019-0 in an electrostatic field; GF-018-7 with a paint
sprayer; 31. GF-020 (formerly 138), GOST 4056-63; 32. Brown;
33. Solvent, xylene, turpentine; 34. Basic type of primer for
the majority of automobiles; 35. No. 186 of glyphthalic
emulsion (TU HKHP 330-47); 36. Solvent, white spirit;
37. By pouring; 38. Wood platforms of trucks; 39. No. 188
and No. 178 (VTU YAN 159-59); 40. Gray and brown; 41. Solvent,
xylene; 42. Primer-spackle for covering unevenness instead of
primer GF-20 and spackle 175 and 185 under nitrocellulose enamel;
43. FL-03k and FL-03kk (GOST 9109-59); 44. Brown, brick red;
45. Xylene, solvent or mixture (1:1) with white spirit; 46.
Metallic and wood parts of automobiles; 47. Fl-015 (TU YAN
73-58); 48. Black; 49. White spirit or mixture (1:1) with
solvent; 50. Bodies of automobiles after parkerizing; 51.
B-241/3 gasoline-resistant (TU YAN 164-60); 52. lirick red;
53. Xylene, solvent; 54. Previously protected interior surfaces
of fuel tanks with subsequent application of enamel B-241/16;
55. ML-029 gasoline-resistant (STU 79-34 KH-62); 56. Ditto;
57. Mixture of xylene and butyl alcohol (1:1); 58. By pouring;
59. Then; 60. interior surfaces of containers of petroleum
products, operating at temperatures from -50 to +500C; 61.
No; 148 nitrocellulose (TUI MKHP 2032-49); 62. Black; 63.
Frames of automobiles; 64. Nitroglyphthalic NTS-081 (TU MKHP
1945-49); 65. Brown; 66. Cabins of trucks; 67. Parkerized
(GOST 12707-67): VL-02; VL-08; 68. Greenish-yellow; 69.
RFG-l (mixture of ethyl and butyl alcohol 3:1); 70. Priming of
metallic surfaces, which substitutes for previous parkerizing of
painted surfaces, and also for protecting metal during storage
between operations; 71. VL-023; 72. Protective-green; 73.
No. 648, R-6 toluene, xylene; 74. Nitrocellulose 62 (TU MKHP
275-47); 75. Gray; 76. For sub-priming of small (up to 10
cm2 ) areas on metal when retouching polished areas; 77. PF-033
water-soluble (STU 14 21-64); 78. Black; 79. Water; 80.

67
Priming bonderized bodies, fenders of trucks; 81. Primer for
wheels, (TU MKHP 4491-56); 82. Straw-colored; 83. Solvent,
xylene; 84. Wheels of light automobiles.
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TABLE 162. SPACKLING
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Key for Table 162: 1. Indicators; 2. Brands of spackle (GOST
10277-62); 3. PF-00-2; 4. KF-00-3; .. MS-00-6; 6. NTS
00-7; 7. NTS-00-8; 8. NTS-00-9; 9. EP-00-10; 10. TU MKHP
331-48; 11. No. 175; 12. No. 185; 13. TU MKHP 265-41:
14. No. 201; 15. Former brand; 16. LSH-I; 17. AM; 18.
AS-395-1; 19. ASH-24; 20. ASII-30; 21. ASH-32; 22.
E-4021; 23. Color. 24. Brick red; 25. Red; 26. Rose
colored; 27. Brick red; 28. Protective; 29. Yellow;
30. Brick red; 31. Rose colored; 32. Gray; 33. Brown;
34. Content of dry residue, %, not less than; 35. Viscosity
of spackle, thinned with acetone (for MS-06--- xylene) in a
ratio 4:1 at temperature 20 0 C, sec: according to viscosimeter VZ
-1; according to viscosimeter VZ-4; 36. not less than;
37. Drying time, hours, not more than: at temperature 18-22OC;
at temperature 65-70°C; at temperature 80°C; at temperature 100°C;
38. Operating viscosity; 39. Strength of the spackled layer
during bending, mm, not more than: after drying; after thermal
aging; 40. Strength of spackled layer during impact, kg • cm,
not less than; 41. Thinner for thinning to operating viscosity
when applying spackle with a paint sprayer; 42. White spirit,
turpentine mixture of white spirit and solvent (1:1); 43.
Xylene, solvent No. 646; 44. Thinner; 45. PDV, solvent
No. 646; 46. Thinner R-40, ethyl-Cellosolve, solvent No. 646;
47. Solvent, xylene; 48. Turpentine.
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TABLE 163. SOLVENTS AND COMPONENTS
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Key: 1. Quality indicators; 2. Acetone, COST 2768-60; 3.
Dichloroethane, COST 1942-63; 4. Ethyl alcohol, COST 11547-65;
and 8314-57; 5. Butyl alcohol, COST 5208-50 and 13035-67;
6. Ethylacetate; 7. Butylacetate; 8. Amylacetate; 9.
Turpentine, COST 1571-66; 10. Ethyl-Cellosolve; COST 8313-60;
11. COST 8981-59; 12. Density at 200C, kg/m 3 ; 13. Temperature,
°C:; 14. At the beginning of distillation; 15. At the end
of distillation; 16. Volatility compared to esters; 17.
Inflammability: 18. Flash point, 0C; 19. Temperature of
spontaneous combustion, 0C; 20. Limits of flammability, %:
21. Lower; 22. Upper; 23. Limit of acceptable concentration
of water vapor in the air, mg/m 3 .
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TABLE 164. SOLVENTS, THINNERS AND THE[R
COMPONENTS ON A GLYPHTFALIC, PENTAPHTHALIC AND

?ELAMINE-ALKYD BASE
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27 lieVaT~ D1fl1oIKII 30, 29 -7
28 1CMIlICpdJTYP'e CaMoDocu1.,0a. 382 247 415

NW;eii"Ili;, c
29 Hpa.i1 4cn' onadel1,

31 u3CpXIIli- --

32 flpecCabII A00yCTIIaII iconl. 50 S00 50
ltCIrpalIutig napoll D B0 31Z'XC,
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Table 164, con't.

I*OCT 3134--,5 I'OCT IUV8--iL I'OCT 84482o I -O'428o0I1-. I CT 99q49-62

I 1- n 9880--.

He 6oizee 705 855- 905 874-880 856-866 860-866

100 - - -
,• 100 --

- 100
-- - IOU0

21'
lie i•uwe 165 -120 78,5 109 138

200 24, -200 80,5 111,5 1+1

3-4,5 2 3 6,5 13,5
'b,025 o 0,6 0,02 - -

33 34 -11 4 29
270 520 540 336 590

1,4 1,3 1,4 1,3 0,9
6,0 8.0 7,1 6,7 4,5
300 103 20 UC) 50

2711
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Key for Table 164: 1. Quality indicators; 2. RC-2, TU MKHP
1763-52; 3. 651, TU MKHP 4537-56; 4. R-40, VTU UKHP 85-59;
5. White spirit, GOST 3134-52; 6. Solvent, GOST 1928-50;
7. Benzene, GOST 8448-61; 8. Toluene, GOST 4809-41 and
9880-61; 9. Xylene, GOST 9949-62; 10. Density at 20°C,
kg/m 3 ; 11. Composition, % (weight; 12. White spirit;
13. Solvent; 14. Toluene; 15. Xylene; 16. Acetone;
17. Ethyl-cellulose; 18. Butyl 3pirits; 19. Temperature, °C;
20. Start of distillation, not lower than; 21. Not higher than;
22. End of distillation, not higher than; 23. Volatility
according to ether; 24. According to xylene; 25. Content of
sulfur, %, not more than; 26. Inflammability: 27. Flash
point; 28. Temperature of spontaneous combustion; 29.
Limits of flammability, % (volume): 30. Lowest; 31.
Highest; 32. Approximate acceptable concentration of vapor
in air mg/m 3 .
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TABLE 165. SOLVENTS AND THINNERS FOR MATERIALS
ON NITROCELLULOSE AND ETHYLCELLULOSE BASES

1_______ 2

I'OT 530-1 OCI 4005-48 (OCT id'6-46

11 FJ7.101110M npii 200 C. K4IM3  840-852 865-875 8Q1 -.860
12 COCTac, % (n3cc).
13 311140o31,0 Cn11pT 11,5 - 10.0
14 6yTlu.1ooJWr 3, 20,5 .6,0 2),o
15 9THIUC~auTa 11,5 23,0
16 6yTHuAuzwTaT 10,0 10,0 5(.,)
1) ~maca 20,0

18 01 1AItJIWJ4I3OJAbD 9

19 *roJ1YOJI 31,0 41,0 20.(
.20 1;c:;,ion - --

21 alCT011 6,5 --

22 fif-rV'ICCmb 00 gTimJOonoy 8-10 8-12 I-I

2jtir ornui(no 6eit- 100 120 2C,.

25 1-amui'ie unarigj ~ 10815 25s50 25s 3C

26 OroNIdnOlCHM:
27 T~ML-0%n~Typ-1 11COWWKI, *C -9 +5 +V

28 ca,.:ooocnjamie- 410 42436

29' II1 Kimirt r .CAcJ 83pWB3CMfl.

I 1 20 1'c:
30 % o1c)1,87 1,61 1.,1.

31 4,360,2 32,6 57,5
11pce~,I:o11 Aoi1yCTIIM1,l K011i. 60 50 50

LUI.iTpaiii:: no iianloneo TOn.

viiccia8m yracnompo~lam), mz.0ij~
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Table 165, con't.

i3

TY 649. 7 I 65, 8 P B. 91
TY MXI 18,17-48 TY MXII 2696--5 rOCT 4399 -48 TY MX[I KY 376-4

870-875 858-865 .865-870 840-850

- - 10,0 •20
20,0 30,0 10,0 -.

- - 9,0 10

I--3, -- 18,0 . --

- - 50,0 60
50,0 50,0 - -

3,0 10
15--30 20-35 - -

23
10O 100 rio 60131111y 0,3

1,11 111 1:1

+25 +29 +2 +14
r 383 385 424 455

Ii,1 i,7 1,83 2,04

57,5 58 55,7 57,2j10 so 20 50

-340-



Key for Table 165: 1. Quality indicators; 2. Solvents;
3. Thinners; 4. 646, GOST 5630-51; 5. 647, GOST 4005-48;
6. 648, GOST 4906-48; 7. 649, TU MKHP 1817-48; 8. 650:
TU MK1IP 2696-55; 9. PDV, GOST 4399-48; 10. PE-I, TU MKHP
IM 367-54; 11. Density at 20 0 C, kg/m 3 ; 12. Composition, %
(weight): 13. Ethyl alcohol; 14. Butyl alcohol; 15.
Ethylacetate; 16. Butylacetate; 17. Amylacetate; 18.
Ethyl-Cellosolve; 19. Toluene; 20. Xylene; 21. Acetone;
22. Volatility compared to ethyl ether; 23. Compared to
gasoline 0.3; 24. No. of coagulants (compared to gasoline),
%; 25. Presence of moisture; 26. Inflammability: 27.
Flash point, OC; 28. Spontaneous combustion, OC; 29.
Lawer limit of explosiveness at 760 mm, mercury column and
20°C; 30. % (total); 31. g/m 3 ; 32. Limit of tolerance in
concentrations according to the most toxic components (aromatic
hydrocarbons), mg/m 3 .

§' 5. Auxilliary Materials

Solvents and Thinners (Diluents)

Solvents and thinners, single-component organic liquids or mixtures
of these in various combinations, are used for preparing paint and varnish
materials for operating viscosity. All solvents and thinners are volatile
homogeneous and colorless liquids. Basic properties of the solvents and
thinners are presented in Tables 163, 164, 165.

The composition of the solvent is selected in order to guarantee
optimal conditions for drying the paints and varnish materials, adequate
pouring capability and density of the film applied.

In view of the high toxicity of gasoline, its use as a solvent is
limited.

Standard Quality Indicators of the Solvents

Volatility compared to ethyl ester (or xylene) shows the speed of
evaporation of the solvent (thinner) being tested in comparison with the
speed of evaporation of ethyl ester, taken by unit. The higher this
indicator, the slower is the evaporation of the solvent and the slower
the paint and varnish materials prepared with such a solvent dry.

The number of coagulants, compared to benzene (or gasoline) shows
the quantity of benzene (gasoline) in % by weight, which must be added to
a 3% solution of nitrocellulose at the start of its coagulation
(curdling); the larger the value of this indicator, the better the
solvent.

The presence of moisture shows the relationship of the volumes of
tested solvents and benzenes in a mixture,.which during shaking does not
get cloudy due to the separation of microdroplett of water. The larger
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the ratio the less water is contained in the solvent.

Inflammability of the solvent is characterized by the flash point
and spontaneous combustion and by the limits of explosiveness. The lower
the te.operature shown and the smaller the size of the lower limit of
explosiveness, and the broader the limits of explosiveness, the greater the
fire risk of the solvent (and correspondingly the paint and varnish
material using such a solvent).

Toxicity of vapors of solvents (thinners) is characterized by the
size of the limiting acceptable concentration of these vapors in air of
the production rooms. The higher this indicator, the lower the toxicity
of the solvent.

The toxicity of combined solvents is evaluated according to the
content of the vapors of the most toxic components, usually toluene or
benzene.

Compounds for Removing Old Paint

Old paint and varnish coatings are completely removed during major
repair work of assemblies (automobile parts) or when there is significant
(more than one third of the surface) deterioration. Partial removal
of the old coating occurs during spot touch ups (repair). In this case a
minimum amount of old paint must be removed by removing only the
deteriorated sections of the coating, preserving if possible the old
primer layer, the removal of which is justified only when it has deter-
iorated.

Old coatings are removed by a mechanical method (sandpaper processing,
abrasion, steel brushes, scrapers, scrubbers and so forth), by burning,
by a chemical method (most frequently by alkali preparations) or by
paint removers.

Complete deterioration of the old paint is attained by processing
the parts in a bath with a hot solution of caustic soda. When the
concentration of the caustic is 10% and the temperature is 750C, it must
remain there 8 minutes for dissintegration of nitrocellulose enamel
with a multi-layer paint and varnish coating. With a lower concentration
of the solution and temperature, processing time must be increased.
For coatings of other materials, the processing time in a 10% solution-
of sodium hydroxide, the time is increased to 20-30 minutes (temperature
75-80°C).

For spot removal of an old coatin6, alkali pastes or alkalai
compressors are used (Table 166).

The alkali compound is smeared on the coating, remains there for
30-60 minutes, after which the compound is removed, the coating thoroughly
washed with water, and the disintegrated paint eliminated with a scrubber.
It is impossible with alkali compounds to remove paint from non-ferrous
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metals, especially from aluminum. For preparing an alkali paste, 0.5 kg
colophony powder is mixed in 0.5 liters of cold water, added to a 50%
solution of caustic soda and after mixing 5 liters of boiling water are
added.

For partial removal of paint, paint removers are used, which are
mixtures of various solvents and under whose effect the coating swells,
expands and separates from the metal. Paint removers (Table 167) can be
replaced by ordinary solvents.

Compounds for Degreasing

For removing greasy and oily films and traces of heavy petroleum
products from metallic surfaces being prepared for painting, various
organic solvents can be used: white spirit, gasoline-solvent BR-I and
others. The surface being prepared is thoroughly moistened with the
solution by a rag or put in a bath of the solution (small parts or parts
with complex configuration). It is dried by blasting with air.

The most effective alkali preparations (Table 168) are those which
remove the grease and the oil by separating them from the metal. Alkali
degreasing is done in baths or by washing in a stream of the solution
using a pump.

After alkali degreasing of the surface it is thoroughly washed in
warm water (50-70 0 C) and neutralized with an acetic solution consisting
of chromium anhydride (5 g/t) and phosphoric acid (5 g/k).

Compounds for Removing Scale and Rust

Scale and rust are removed from the prepared surface by a mechanical
method (abrasives, steel brushes, sanding equipment), by thermal
process (gas flame cleaning) and by chemical methods (scouring). The
compounds for scouring are presented in Table 169.

Compositions of Solutions for Ultrasonic Cleaning

During ultrasonic cleaning of metallic surfaces put in baths of
cleaning solutions, the length of time of the operation is cut by 5-10
times and the quality of the cleaning is improved. The compositions of
the solutions for ultrasonic cleaning are selected depending on the
metal being cleaned and the cleaning task (Table 170).

Compositions for Accelerated Parkerizing

For creating an anti-corrosion sublayer under the primer and for
improving the adhesion of the surface of ferrous metals, they are subjected
to parkerizing. Phosphate films, thickness 2-3 micrometers, form during
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contact of cleaned and degreased surfaces of metal done with hot solutions
of zinc monophosphate with additives of certain other substances, by
being submerged in a bath or processed with a stream of the solution
using the pump. After processing of the metallic surface with phosphate
solutions (Table 171) they are demineralized with water or condensed
steam and pacified by a 0.01-0.1% solution of chromium anhydride for a
period of 60-70 seconds.

For improving the process of parkerizing before immersion in a bath,
the metal surface is smeared with 0.3-0.5% solutions of sodium nitrite
(65-700 C for 60-70 sec).

At the present time, parkerizing is done not only during the production
of light-automobiles, but also during their repair. For full repainting
of the cabin, hot parkerizing is done by immersion, and during spot
repair (welding, straightening, patching and so forth) for renovating
disintegrated phosphate film, cold solutions are used put on with a
brush 4or 30 minutes, after which the sections of the cabin being repaired
are washed 3 times in hot water. The compounds for parkerizing during
repair are presented in Table 172.

Compounds for Noise-Absorption and Anti-Corrosion

Before applying the primer to the body surfaces, various pastes and
mastics are put on (Table 173) for decreasing noise from vibration of
metal, preventing corrosion and so forth.

Compounds for Finishing the Coatings

When painting separate layers of paint (enamel) polishing is done
between each coat. Sometimes the last layer of the coating is polished
before it is buffed. Finishing compounds are presented in Table 175.

Compounds for Upkeep of the Coatings

Upkeep of paint and varnish coatings involves protecting them from
premature aging and includes application of prophylactic compounds and
timely renovation of luster by polishing preparations (Table 174).

For cleaning dirt from them, various washing compounds are used.

Washing compounds, for the exterior surfaces of equipment, which
operate inside a room, are aqueous solutions of one of the following
substances, %:
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Sulfanol . . . . . . 2.5
Secondary alkyl sulfates (compound ?rogress'9 ... 1.5-3
Detergent mixture of sulfonaphthenic acid . . ..... 4
Sulfates of synthetic fatty alcohols ..... ......... 2
Furfurol. ...... ..... ....... ... 4
Alkylacrilsulfonate (Powder "Novo ' ..... . 4-5
Azolat brand A or B .................. ...... 1.5-3
Household soap 0.5% + soda ash 2

For increasing the strength of the washing compound, one can add Lo
them 2-4% oxalic acid. Compounds for very dirty parts are presented in
Table 176.

Washing compounds are applied on the surface in cold form by a stream,
by brush, by paint brush or by a sprayer, are held for 10-15 minutes,
then washed with water and wiped dry with a rag.

TABLE 166. COMPOSITION OF ALKALI PASTES AND SOLUTIONS, % (WEIGHT)

,,I ,,o,, 11 ,.-+",",,, co~o3  IHeruum ,,a•'ciia , My o,, 7  8

. ' 1 10CM, j KJ1CTep 130ao

, - 7 - 80 - - 80
2 8- -1 80
3 7 5 6 - 52
4 16 20 - - 50
5 28 - - - I G 33 23

Kc.'" 1. Preparation number; 2. Sodium hydroxide;
3. Soda; 4. Quick lime; 5. Chalk; 6. Liquid
glass; 7. -lour paste; 8. Water.

-345-



TABLE 167. PAINT REMOVERS

h•apHa CM1411]1IIt 2 .•OCT"In 3 C"II(•AO 11CllO.M1,1011IUllls,

4 CAI (oo), T, SCeech oprammcctiwx 6 rloitorpCnorT c0,101DKy D 0oo21110116ixIn q06--42 paCTUOlmeqr •~mome.oS-4•Ct so1•oa.
NOi 11a , 11,1#a-•Ta o•,iopomld wi mi<."Kcn, lIallOL:SIT 10I

.nwlla. |lpi 20*C COCTOIIT CThWO IM nOIcphIlTIIC' HpI 9TOM CMII111
113 ADYX CAMO~ OX1.WIMM M 11 T C TlI A :: ' -CTh "r 11+ I(."1111111t).

1tH, IN11pytI~eIIII, IIITl,,J);,nmqe||oro nt(.
il~purim IlymniO 10--20I ,Afal, n1J1f jlp!.
nix ,,,a.an s '2.- 3 ,1. l la~yx.eeicmioI .
iLIIIIIIICCCes FlOKphllle .nIvriO C1i111a.i TC I

7 8 ,.anr`e1CCM iM1 cyxoir Tilsnloii
C11 (cn), TY *C" ,ccb opramlaceclwx 9 Ila,,ocSIr T iICT6iO (p:ilClraiIllic1(C ) 113

AXI I 313-44 PiMCTlOpI)ITC 'ICA D IIIUIO 011 110phIlTIM I1JIII lhlaK.qafl1,11latOT 1•CTOII1,
IIOpOfl.lor IlOJ1 fIIIK|IOI CM•,l'.llhl)YlO C'MI4lI{0i. 11111 PO.sM|JICl1o0.
W.11fKOCTII fO pHIITliM p,13p)'IIlaCTC:l 'ICr3 A.-

1111. I. 1 )a, yIl[0l lie flOI ~hITIlii 1;3 113."
I IIX 3Mailii 11111 M.( 11 1WINIC

10 AIT-I, TY LlPacT. op l..ITponcJlAl. 2 r]pI,.l,,lIOT W.1 CIIS1TIIIT fOl{pblTlt I
hXim 2548- 51 J1o.U , 9TIhJ. nI1t1 '15C1131171. 113 WI1CJI3I I II 11 1 p11)1OUCAJIOJIO3IIIh i

UCJIAIIO.1O3bI II nal)njmuatl I 9,1,a1Ci. 'IMcnoJml,3oB•l111c a11jzorniill :
n CMCCI aflCToI1a, XIjop. c.mbiwO C!R (cn.) Pla3pyuatoutce AeP'-
p..ilbralxoJl•n II TOA)J1OJa CTMIte 110 6o•Ii! qe~M IC3)C3 3 A1lH. P11c.(<CILTI a). BOR,<uc n rp11 xo~l ite al.:w,e 170 e/A:2
200C-5-30 com

Key: 1. Brand of paint remover; 2. Composition;
3. Method "of use; 4. SD (ob), TU MKHP 906-42;
5. Mixture of organic solvents with additive of
paraffin and naphthalene at 200C consists of two
layers; 6. The paint remover is heated in a water
bath to 35-400C, to form a homogeneous liquid. It
is applied by brush on the coating; after this the
paint remover cools and dries to a paste. For
removing nitrocellulose enamel coatings, 10-20 minutes
is necessary. For other enamels--- 2 to 3 hours.
The more the coating swells and wrinkles, the easier
it is to remove with a spatula or dry rag. 7. SD
(sp), TU MKHP 1113-44; 8. A mixture of organic
solvents in the form of a homogeneous active liquid. 9.
It is applied with a brush (spray) on the surface of
put on with a rag soaked in the paint remover.
Nitrocellulose enamel coatings deteriorate in about
3-4 minutes. The disintegration of coatings from
other enamels is slower. 10. AFT-I, TU MKHP 2648-51;
11. A solution of nitrocellulose, ethyl-or benzyl-
cellulose andparaffin ina mixture of acetone, formalglycol
and toluene (xylene). Viscosity at 200C--- 5-30 seconds.
12. Used for removing coatings from oil and nitrocellulose
enamels. Its use is analagous to paint remover SD (sp).
The more deteriorating effect is not more than about 3
minutes. Outlay not more than 170 g/m 2 .
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TABLE 168. ALKALI SOLUTIONS

1 I 2 O ° fv n I " ei I T r. . .e/ ., !M~ I r r p J - | , ¢ ,,9 o 5 1 _5 o _ < , . ._ ,

M n/n i(Ayc; 1 .11.1111&A (I'~TIl, d
IM aII 11P 1111 1 1 l

e•'• r1ln I 0'J.n01,.•O1t• 111.0AI Dl J CPYCI

I 2-3 5-8 3-5 - -- 5-2.6
2 - 10-12 3-5 - 1:- 1,5-2,0
3 - 10 Zo o 5-10 2.-3
4 - 20 20 - 10 5-10 2-3
5 - 10 20 5 5 5-1 -

Key: 1. No. p/p; 2. Components, g/il; 3. Caustic
soda; 4. Soda ash; 5. Trisodiumphosphate;
6. Emulsifier; 7. OP-7; 8. Liquid soap; 9. Time

of processing, minutes; 10. In a bath; 11. By
jet spray.
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TABLE 169. COMPOUNDS FOR REMOVING RUST

o c

*-0** *2* 0

IL C- 00

u mi3~
1  

;; - -t 0

0-c U I;0 m

10 !2

S2 orF~0 0

0. 0 mm m

Uc *j cc t. ' '

rI- C-o

cnu- r- 00

('r - v3 0 C03.~

0

I'L C3 I c-~

C: -P C rq j ,C

-~r 0 .

*~ ~ -0~. -, -

x C.m 3F-r U ' co

'(00.
-J U, u U

ýo~t - . ,

Q 00 Q2 7
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Key for Table 169: 1. Brand and TU; 2. Composition; 3. Use;
4. Method of application; 5. Washing compound No. 1120, TU
MKHP 271-51; 6. Phosphoric acid (on a scale of 100% acid),
per cent by weight--- 30-35: hydroquinone, % of weight--- 1;
butyl alcohol, % by weight--- 5; ethyl alcohol, % by weight--- 20;
water at 20 0 C, % by weight--- 39-44; 7- Used for removing
deposits of rust and residue of mineral oils from painted metallic
surfaces of automobiles before applying a 2rimer (density of
washing compound at 20OC--- J.120-1170 kg/mrn); 8. By painting
a metallic surface after removing the old paint and cleaning rust
and scale from it which is covered with a thin deposit of rust,
applying, the compound, using a brush, compressor, or sprayer. The
deposit of rust dissolves in two minutes, after which the compound
is washed off with water. 9. Neutralizing compound No. 107,
TU MKHP 274-41; 10. Aqueous solution of ethyl alcohol with
ammonia, %: ethyl alcohol, not less than--- 40; 25% aqueous
solution of ammonia, not less than 0.5; 11. Intended for neutralizing
metallic surfaces of automobiles after scouring them with compound
No. 1120; 12. Scoured by compound No. 1120, and washed with
water, the metallic surface is coated with the neutralizing
compound, after which it is dried by a stream of air; 13.
Scouring acid compound; 14. Sulfuric acid, % weight--- 41;
hydrochloric acid, % weight--- 8.5; corrosion inhibitor NM,
% by weight--- 0.8; sulfocellulose extract, % weight--- 1.1;
detergent mixture of sulfonaphthenic acids, % weight--- 0.6;
water, % weight--- 48; 15. Used for removing scale and rust from
very large items made from sheet rolled goods; 16. Compound
is applied in an even layer using a brush and held until the
rust dissolves, after which it is thoroughly washed in water by
scouring the surface; 17. Solutions for scouring and
degreasing (as prescribed by NIl TLP); 18. Components, g/L
No. I No. 2; orthophosphoric acid (specific humidity 1.64):
65, 98; trisodiumphosphate: 35, 50;emulsifier OP-7: 25, 30;
thiourea: 5, 5; 19. Used for' uniform scouring and degreasing
both for dirty (solution No. 1), and for extremely dirty with
large rusted steel 0urfaces (solution No. 2); 20. In a bath
with hot water (60 C) orthophosphoric acid is introduced, then
the emulsifier, Trisodiumphosphate and thiourea are mixed
separately and added to the bath. The solution is heated to 70-75 0 C,
held for 6-8 hours, after which it is used as intended. Processing
time--- 5-10 minutes.
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TABLE 170. WASHING COMPOUNDS FOR
ULTRASONIC CLEANING

Kou I 1 3 4 I o 6 7

_ 11831im mi. a locAeAy1itA1

_--_ I oo ==

8' 9 10
30 - 3 Yaaelnle )iI. CTa: b 50-70 2 rlpo.ilaxOa , op

ponbWX 3arpTS3, TO'I 11011 ItORjC 11 )"

nlelflirt it noli. rpytceliuii iia 2--.3
poDO'I11bIX naCT (tcC I =1111i,l0l i .C

1op TpI1rll 0Jral;i 1t -
na I 0 j/+2 ',,1

i12 NaNO, npu 1=61.-

4 - 4 To we A,'olimiinl;i 5U--60 ' 4 I! poiiji r.a ,. o
3-5 3-5 - 1 50-60 2 ',ioi0 I uO,•C It:=

3 3 1,C~ b 50 3 ýQC) 11 WC, 1i1e
2 .JII , CYWK3 CT ): -
el ropsiliero 11032 •

15 1" 17
(20 0 ) (2P00 ) - .Y R i . ii llI I lep ic: ,neio - .0 20 Ilpoe 1l.ifl .Ic o c -

tOMClOrO CJIOII ill, CTa lb Rle npii 1=401C
iiarapa

Key: 1. Compounds, g/e water; 2. OP-7 or OP-10;

3. Cleaning use; 4. Metal; 5. Temperature of

solution, 0C; 6. Length of processing, minutes;
7. Subsequent processing; 8. Removal of greasy dirt

and polishing paste; 9. Steel; 10. Washing in

running water submerged for 2-3 seconds in aqueous

solution of triethanolamine 10; g/ý + 22 g/Z NaNO2

at t = 80-90°C; 11. Ditto; 12. Aluminum; 13.
Copper; 14. Washing in running water (t = 300C) for
2 minutes, drying in a jtream of hot air; 15. Removing

a thick layer of deposit; 16. Rusted steel; 17.

Washing in water at t = 400C.

Annotation. OP-7 and OP-10 are preparations on a
base of polyethylene glycol esters.
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TABLE 171. SOLUTIONS FOR PARKERIZING

KoNIMnouc i. 1/ U010o4 5 6
'4A

- 83--361 -- 54-,56 10,5- - --I 7 lorpy}Keln~eMl a easlly 85--95 8--15
12,5

14 28 - , 9 06pa~om~a crpyci 155--651,5-2,0

38 78 - " - (2,7) Ir ~lorpy•cemIeM nD ailny 80-.84 4--6

Si• ." r,..'J6J, - 2 To ne 65--701,5--2,0

Key: 1. Components, g/I. water; 2. Salt: "Nazhef" 1

(NaF); 3. Iron rod; 4. Method of parkerizing;

5. Temperature of solution, oC; 6. Length of

processing, minutes; 7. Iimnersed in bath; 8. Ditto;
9. Processed by a jet stream; 10. Ditto; 11.Immersed in bath; 12. Ditto;

1. The salt "Mizhef" consists of monophosphate of

manganese Fe(H PO 4) 2 and iron Se(11 2 PO4 )2 and contains:
46-52% P2 05 , 041 Mn, 3% Fe and 22% H2 0.

14 28 - - ~~-35,,. M cryrt 55-51,-,



TABLE 172. COMPOUNDS FOR PARKERIZING DURING
AUTOMOTIVE REPAIR

"CocTa.l. 16 (BoCa),
Fl Po0 10 30 6,5 40 -

Z(11 12P0 4)0 - - - 10 12
AI(11,P0 4)- --- 5 -
NaNO, - - -- 0. 25
NaF - - - 0,75
CrO - - 0 -.
I(31=10 4  Z -0 --

8 r"I.1I•W1XIlOII - 0,05 -
9 1 I:migar ponazrm -- 7 -

A AUTOI -- 55 -- -10 MIuIM.,•oui Cn1'pT - 5 - 20 -

~UJo~bi1 0,35 -
BYTIL•OUN -- 0,10 5 -
1 eAnei 11411 Ta3JbI( - 3 - - -
11Boa 90 - 93 -- 87

16 Ci'rNepa3Typa pacroo- 75-80 60-80 40-GO' 18-20 16-18pa, °C

17 flpo0o,'M1t1TCJb1b0CTb 15 10-15 10--1 30
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Key: 6. Composition and properties; 7. Composition,
% (weight): 8. Hydroquinome; 9. Polycaprolactam;

10. Acetone; 11. Methyl alcohol; 12. Ethyl alcohol;
13. Butyl alcohol; 14. Chalk or talc; 15. Water;
16. Temperature of the solution, 0C; 17. Length of
processing, minutes; 18. Method of processing;
19. In a bath; 20. In a bath; nimultaneously for
removing old paint and parkerizing; 21. In a bath;
22. Applied with a brush for renovating damaged film;
23. Applied with a brush.
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TABLE 173. ANTI-NOISE AND ANTI-CORROSION COMPOUNDS
AND SEALING PASTES
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Key for Table 173: 1. Material; 2. Composition; 3. Use;
4. Method of application; 5. Mastic number 579 anti-noise
TU MKHP 272-50; 6. Mixture of a solution of bitumen with
asbestos fibers and an additive of thinning oil. Penetration
No. --- 200-300; 7. Used for decreasing noise which occurs due
to the vibration of body casings of light automobiles and buses
during operation of the engine and movement of the automobile.
8. Applied with a spatula on seams on joints of bodies of
automobiles like mastic No. 580; 9. Mastic No. 580 anti-
noise, TU MKHP 4468-55; 10. Mixture of solutions of bitumen
with asbestos powder and an additive of resin and thinning
oil. Penetration No. 350-360. 11. Ditto; 12. A layer
of mastic (or a mixture of it with mastic No. 213). It is
applied using a paint sprayer or special equipment on the
entire surface of the body foundation on the exterior side
and on the interior surface of the trim; 13. Noise-
absorptive paste, non-standard; 14. Soft bitumen petroleum---
39.5%; reclaimed resin--- 11.8%; sawdust--- 5-6%; white
spirit--- 10%; non-ethyl benzine--- 33.1%; 16. Mastic No. 112
anti-corrosion TU YAN 7-57; 17. Rbbrax--- 50.6%; ceresin---
4.5%; oil "Vapor"--- 13.8%; crushed asbestos--- 31.1%;
18. Soft black, usually spread mass, with the odor of
tolouene or xylene; serves as an anti-corrosion protection
on the lower part of the body of automobiles on the outer
and inner (concave) surfaces of trim; 19. Applied with
a special sprayer on well cleaned metallic surfaces of bodies
or like primer GF-020 or FL-03k. Thinned to the necessary
consistency (penetration No. 325-360 at 25 0 C) with xylene or
toluene. The mastic can be applied without its thinner using
a spatula. 20. Mastic No. 4010 anti-corrosion; 21. Solution
of mixtures of natural rubber (50%), reclaimed resins (30%),
carbon black (10%), kaolin (5%) and colophony (5%) in benzine-
solvent BR-I; 22. Ditto; 23. Mastic is applied with a stiff
bristle brush in two layers. The first layer dries in 30-40
minutes, the second 2-3 hours;' 24. Paste No. 111 sealer,
TU MKHP 2607-51; 25. Alloy of rubrax and turbine oil with an
additive of asbestos; 26. Used as a 3 ealer for window
openings in buses and light automobiles; 27. Paste is
applied with a spatula; 28. Paste No. UN-25 sealer, non-
drying, TU MKIP 3336-52; 29. A solution of phenol-formaldehyde
resin and castor oil in ethyl alcohol with an additive of
kaolin and carbon black. Keeps its stickiness aft( irying
for 22 hours at 800 C. Residual drying--- 75%; 30. Used for
hermeticizing various assemblies of the engine of automobiles
and used along with corks, stoppers and other gaskets. 31.
Applied to the gasket before assembling the unit; 32.
Waterproof paste TU HKHP 1765-48; 33. A solution of alloy
of petroleum bitumen with elastic resin in xylene with asbestos
additive (batch 6); 34. Used for coating welded seams of
bodies of light automobiles or protecting them from the penetration
of water inside the body. 35. An even layer is applied on
protected welded seams with a spatula.
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TABLE 1.74. COMPOUNDS FOR UPKEEP OF COA~TINGS
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Key for Table 174: 1. Material; 2. Composition; 3. Use;
4. Method of application; 5. Water polishing, TU MKHP 1996-49;
6. Diatomaceous earth--- 8.2%, vaseline--- 17.8%, castor oil---
5.8%, water--- 68.2%; 7. For final dressing of nitrocellulose
enamel coatings and for keeping their shine during operation.
Gives the coating a good luster; 8. Thoroughly mixed by
shaking, applied to the surface of the body with cotton pads,
left for 20-30 minutes and then the surface is polished with
a flannel or lambskin with circular motion of the hand or
polishing disc; 9. Paste No. 2 wax polishing, TU MKHP
4504-56; 10. Hard mass of gray color, consiting of wax,
paraffin, clarified kerosene (turpentine) and white spirit;
11. For polishing coatings of nitrocel.lulose and alkyd enamels
during operation. Gives the coating a high luster; 12. Thinned
with 10-12% white spirit, applied in a thin layer on flannel
and the surface is polished by hand or with a polishing
machine; 13. Compound No. 3 of wax polish, TU MKHR 4503-56;
14. Liquid suspension of white carbon black (aluminum oxide)
in wax-containing emulsion; 15. For polishing nitrocellulose
enamel coatings during operation. Gives the surface a mirror
shine; 16. Applied on a wad of cotton or flannel and polished
by hand or machine; brought to a luster by polishing with a dry
flannel. 17. Compound PS-7 prophylactic, VTU UKHP 119-59;
18. Paste of yellow-brown color on a base of lacquer polymer of
butylmethacrylate and white spirit with an additive of yellow
iron-oxide pigment; 19. For prophylactic protection of
nitrocellulose enamel coatings and chromium parts of automobiles
from the effect of the atmosphere during storage and transport
of the automobile until delivery to the consumer; 20. The
compound is thinned with a 40-80% benzine-solvent BR-I to a
viscosity of 14-17 sec, according to VZ-4 and applied with a
paint 0sprayer as a protective coating. Complete drying---
at 20 C, not less than 30 minutes. The composition is removed
from the coating with a rag completely soaked in solvent; 21.
Compound PS-40 film protector; 22. A mixture of chlorovinyl
resin SVKH-40, iron-oxide pigment with an additive of castor
oil and xylene; 23. For prophylactic protection of paint and
varnish coatings during lengthy storage of automobiles in the
open air; 24. The compound is thinned to viscosity with a
thinner of xylene to 65 sec according to VZ-4 and it is applied
by a sprayer on the body of the automobile in three layers with
drying of each layer under natural conditions for one hour. To
remove the film it is peeled off by cutting in several places;
25. Wax protective non-standard paste; 26. White wax--- 1

part; paraffin---2 parts; turpentine--- 7 parts; first the wax
and paraffin are fused. Having removed the alloy from the
fire the turpentine is added and it is remixed; 27. Ditto;
28. Applied in a cold state with a face shield and polished
to a luster with flannel.
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TABLE 175. FINISHING COMPOUNDS
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Key for Table 175: 1. Material; 2. Composition; 3. Use;
4. Method of application; 5. Paste No. 289 polishing, TU
MKHP 1407-46; 6. Alundum powder--- 77.0%; .paraffin--- 2.3%,
vaseline--- 20.7%; 7. Intended for polishing previously
sanded nitrocellulose enamel surfaces before polishing. Gives
the surface a semi-gloss appearance; 8. The paste is applied
in a thin layer on flannel or lambskin and polished by hand
or by a mechanical method; 9. Paste No. 290, polishing, TU
KMIMP 273-48; 10. Aluminum oxide--- 66.0%; vaseline--- 19.9%;
castor oil--- 8.5%; water--- 5.6%; 11. Intended for polishing
nitrocellulose enamel coatings which have already been polished
with polishing paste. Gives the coating a luster. 12. The
paste is applied on a lambskin or flannel and polished by hand
or with a polishing machine; 13. Paste No. 4 polishing TU
MKI1P 4571-57; 14. Greasy mixture of abrasives with a connective.
Color brick red; 15. Used for processing nitrocellulose
enamel coatings of automobiles. After polishing with waterr
resistant sandpaper No. 320 with subsequent polishing with
polishing paste No. 290. Gives the coating an even semi-
gloss appearance; 16. Before polishing the coating is
sprayed with solvent 646 or 647 and dried. 8% water is added
to the paste thoroughly remixed and applied with a flannel. It
is polished by hand or by a mechanical method. 17. Paste
No. 5 polishing-buffing TU MKHP 4567-57; 18. Ditto; 19.
Intended for processing nitrocellulose enamel coatings of
automobiles after polishing with water-resistant sandpaper No.
320. Gives the coating a glossy appearance; 20. Paste No. 6/7
polishing, TU YAN 183-60; 21. Thick mass of aluminum oxide
and connective. Color from white to gray; 22. Use for polishing
coatings of light automobiles which have been painted with
melamine-alkyd enamels. Gives the coating a luster; 23. Before
use 3% water is added to the paste, it is thoroughly remixed
and applied with a polishing machine disc, covered with flannel
orlambskin. The paste is not suitable for polishing by hand;
24. Compound No. 401, TU MKIIP 276-41; 25. Colophony--- 56.0%;
quick lime--- 2.3%; castor oil--- 3.0%; white spirit--- 18.2%;
toluene--- 20.5%; 26. Used in impregnated gauze when removing
dust from the coating after polishing before painting; 27.
The compound is applied with a gauze pad, which has been squeezed
out and dried at 20 0 C for one hour. The pad remains sticky for
24 hours. It removes the polish and dust.
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TABLE 176. WASHING COMPOUNDS

KO) .IIOICIUtA. . (110 111YI 1( M'-' 2 AV.3'CSIII i _go.a~c, u.*, ~o•ey;1 :€"2 ,'I..3 •. •41 5 ,.4

6 Ac,,ioa 3,25 -
7 A,,inoc (25%.,uai) 3,25 - 11 -1 1 - 13
8 Nwoio"-e cpeAcrla - 2(Oi'l..D) I'(011.7) (orl I0 )
9 Kepocuu" 66,5 58-78 I0-SO W 60-to

10 Bowta 27,0 20--,10 1874-38 18--.8

Key: 1. Components, % (by weight); 2. MS-I; 3. MS-2;
4. MS-3; 5. MS-4. 6. Acidol [mixture of water-insoluble
naphthenic acids]; 7. Ammonia (25%); 8. Washing
substances; 9. Kerosene; 10. I-ater; 11. OP-4;
12. OP-7; 13. OP-lO.
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CHAPTER X. SEALING AND INSULATING MATERIALS

§ i. Sealing Materials

Gasketing and packing materials are sealing materials.

Gasketing materials are used for sealing detachable parts of engines,

transmission crankcases and other assemblies of the automobile with the

purpose of sealing them hermetically. Sometimes gasketing is used during

adjustment of separate connections, for example, the steering mechanism

of GZ-51 automobile. Packing is used for hermeticizing the gaps between

movable parts of mechanisms, and also for protecting assemblies from

friction from dust, dirt and water.

Sealing materials can be divided into asbestos, paper, resin, felt,

cork, plastic and so forth. Metals are sometimes used as gaskets:

aluminum, copper, lead and others.

Paper Materials

Essentially, paper, cardboard, fiberboard and parchment belong to

paper materials.

Paper materials are obtained by soaking them in water to a fibrous

mass which consists of vegetable (wood) and other fibers which have

previously been crushed and interwoven without any order, matted and layered

one on another. For improving the density of paper materials, fillers

can be introduced (chalk, talc, gypsum); for decreasing water penetrability,

adhesive substances are added (colophony glue, phenol-formaldehyde resins

and others) and for giving gasoline and oil resistance to the paper

materials, they are impregnated with special compounds.

Pa er materials with a thickness up to 0.5 mm and a weight up to

250 g/mý are conventionally considered to be paper, in products of

greater weight and thickness--- cardboard.

Cardboard is one of r:he types of paper materials which is a thick and

hard paper obtained ,rom C-he coarsest and toughest wood fibers and

celluloses. It is divided into gasketing, packaging, building, decorative

and other types of cardboard.

Gasketing cardboard (GOST 9347-60) is comparatively elastic, gasoline

and oil resistant, and is produced in industry in thicknesses: 0.2; 0.25;

0.8; 1.0 and 1.5 mm. The moisture of gasketing cardboard must be not

more than 8-10%, the absorption of water during 24 hours, not more than

12%, and gasoline and oil respectively, not more than 20 and 25%. The

surface of the cardboard must not have wrinkles, rough, compressed spots

or holes.

Drafting paper and industrial cardboard can be substituted for
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gasketing cardboard; these have been treated fov improving water
resistance by the simplist process: wetting with hot water till fully
saturated and then drying. This improves the porosity of the cardboard,
after which it is impregnated for 20-25 minutes, in hot (60-70 0 C)
vetetable oil or drying oil.

Parchment (GOST 2995-56) is a transparent oil and fat resistant,
humidity resistant paper, which is obtained by processing non-glued
paper with sulfuric acid and subsequent neutralizing with an alkali
solution.

Fiberboard (GOST 14613-69) is obtained as a result of processing non-
glued paper or cardboard with a solution of zinc chloride as a result of
which the material obtains high mechanical strength and also gasoline
and oil resistance. An inadequacy of fiberboard is its significant hygro-
scopicity (up to 60-65%) as a consequence of which the fiberboard buckles
during moistening.

Several brands of fiberboard are produced including electro-technical
fiberboard FE, which is used as an insulating material, and gasketing
fiberboard KGF. During impregnating fiberboard with a mixture of castor
oil and glycerine a soft fiberboard is obtained which is suitable for
sealing gaskets.

Fiberboard brand FE is manufactured with a thickness from 0.6-3 mm,

and fiberboard KGF--- from 0.6-2.5 mm. The dimensions of sheets of
fiberboard: length, from 850 to 2300 mm; width, from 550-1400 mm.

The yield point of gasketing fiberboard under stretching in a length-
wise directioý is not less than 580; and crosswise--- not less than 350
kg (force)/cm .

Pressed pieces (GOST 6983-54) are highly compressed calendered
cardboard impregnated with drying vegetable oil. It is used as a gasketing
and electrical insulating material. Brands A and B are produced.
Thickness of the pressed pieces varies from 0.35 to 1.2 mm. Density---
not more than 900 kg (force)-iq3 . The yield point during stretching---
not less: for brand A, 350; and for brand B, 250 kg (force)/cm2 .

The general inadequacy of all paper materials are their relatively
low heat resistance: at temperatures higher than 130-1400 C, paper and
cardboard become brittle anu lose flexibility; at 1800 C, charring begins,
and at 240-2500C complete disintegration% of paper fiber occurs.

Asbestos Materials

Asbestos is a natural mineral (chrysotile-asbestos) of fibrous structure,
capable of separating (swelling) into very fine pliant and strong fiber;
it comes in thread-like crystals the shape of rhomboids.

The density of lump asbestos is 2000-2500 kg/m 3 , and asbestos items
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(without filler), 1000-2000 kg/m . Asbestos does not burn, possesses
good electrical and heat insulating properties and has high heat
resistance. Without essential changes in its properties, it withstands
heat up to 3000C; when heated to 3680C, asbestos loses its adsorbed
water from its compound, as a result of which, its strength and bending
capacity are decreased. This loss of water is reversible: during cooling
in a moist atmosphere the initial properties of the asbestos are renewed.
During heating above 4500C irreversible loss of its constituted water
begins, which ends at 700-800°C, as a result of which the asbestos loses
its strength and easily crumbles into powder. At 15000C, asbestos melts.
The tensile strength of asbestos changes depending on ýemperature from
315-320 kg (force)/mm2 at 200C, to 70-80 kg (force)/mm at 6000C.

Asbestos can be divided into ten groups with various uses depending
on the length of the fiber.

The following belong to groups AK, first, second and third, which
have a rigid texture, and the second group semi-rigid: cloth, cord,
threads of packing filler, insulating roving, cloth tape, brake tape,
and other textile items (length of fiber 6-18 mm). The following belong
to the semi-rigid and soft texture third and fourth batches: seam-thread,
electro-thread, asbestos cardboard, asbestos paper; to the fourth and
fifth--- brake packing, friction shoes and other types of items, rolled
tape, asbestos paper (length of fiber 2-6 mm); to the sixth group,---
asbestos cardboard and other insulating itews, and to the seventh and
eighth, various asbestos-cement items, heat-insulating fillers (length of
fiber I mm and less)%

The high heat resistance of asbestos makes it useful in automobiles
as gasketing material, which operates at higher temperatures and pressurcs
30-50 kg (force)/cm2 , (for example, gasketing on mufflers, friction
elements on the clutch and so forth). When using asbestos as a gasketing
material for cylinder heads of engines, it includes copper or steel
casings (foil) in order to prevent direct contact of the asbestos with
hot gases. Damage to this sheathing causes contact of the asbestos with
hot gases, its loss of constituent water and quick disintegration.

Asbestos cardboard, asbestos cord and thread, steam-thread, and also
crushed asbestos for heat-insulating work are used for various auxilliary
equipment of automotive ttamsport industries and equipment of automotive
repair factories.

Asbestos cardboard and paper are intended for fireproofing, thermal-
insulation, electrical insulation and ceiling.

Asbestos cardboard (2850-58) is produced in the form of sheets with
a thickness from 2 to 10 mm and width dimensions 900 X 900, 900 X 1000
and 1000 X 1000 mm.

Density of the asbestos cardboard is 1000-13,000 kg/m3, the coefficient
of heat conductivity (for 20-1000C) is 0.13 kcal/m • hrs • degrees. The
tensile strength of non-gasketing cardboard: the lengthwise direction
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is not less than 12 kg (force)/cm2 , and crosswise--- not less than 6
kg (force)/cm2 . The loss in weight during calt'ination (700-8000 C) is
not more than 15%.

Asbestos paper (COST 9426-60) is produced in rolls and sheets with
thickness from 0.3-1.5 mm with the width of the rolls of shec. materials
670, 950 and 1150 mm, and dimensions of the sheets 950 X 1000 mm.
Depending on thickness, the weight of asbestos paper varies from 650-1900
g/m 2 . Loss in weight during calcination is not more than 17%.

Paronite (Table -177) is a gasketing sheet materialo f rolled
asbestos with rubber connective and mineral filler of approximate compound:
asbestos, 60-75%; rubber with sulfur, 12-13%; mineral fillers (clay,
feldspar, talc and others)--- the remainder.

Paronite is•,used for gasketing lids of differential gears,
flanges of pipes of the oil system, water pump, fuel settling tanks,
lids of gear boxes of the main brake cylinder and others.

Asbestos clothes (COST 6112-67, TU MKHP 4265-54, STU 30-1215-61 and
STU 49-2507-61) is used for thermal insulating, preparation of fireproof
special clothing and blankets, fibrous packing, and also for production
of asbestos textolite. For improving the mechanical strength in asbestos
clothes foau 5-20% coý,tton fabric is added and it is reinforced with brass
wire or glass threads. The width of the asbestos cloth vaies from
1040 to 1556 m m, its thickness from 1.2 to 3.8 mm, weight I m2 from 900
to 3400 g.

Asbestos cord and thread (COST 1779-55) are used for fibrous fillers
and thermal-insulating sheathihig. The cord is made in three types:
asbestos ,_ord o. twisted asbestos threads, asbestos floss-cord of
processed iasbestos and cotton fiber, covered with asbestos threads, and
asbestos-magnesium cord with a core of magnesium and asbestos thread,
covered with asbestos thr-ad. Asbestos-magnesium cord is used for thermal
insulation of surfaces with temperatures from 500-5500C. The coeffi-ient
of heat conductivity:

for asbestos cord--- 0.150 kcal/m • hrs • degrees;

for asbestos-magnesium cord--- 0.100-0.128 kcal/m - hrs • degrees;

for asbestos floss-cord--- 0.080 kcal/m ' hrs • degrees.

Asbestos thread is used for packing fiber and is manufactured in a
dianeter from 0.5-2.5 mm with strength of the threads from 1000 to 3600

g#

Asbestos tat2 (GOST 14256-69) is for heat and electrical insulation.
They come in thickness from 0.4 to ¢,5 mm with width from 20-175 mm.
Asbestos-steel sheets (COST 12856-67) for punching shaped gaskets comes
in dimensions 500 X 675 and 500 X 875 mm and thickness 1.75 mm.
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Cork Materials

Cork materials are made from pressed grains of the bark of cork oak
and are used for sealing joints which operate under low stress in an
atmosphere of water or petroleum products: lids of valve cases of engines,
sockets of the filter of the fuel pump, the filter of theventilatioh.
case, crankcase of the engine, lids of balance arms, bearing sleeves
of the main drive gear of the pair of rear axles, headlight glass and so
forth, and also as packing fibers of the needle bearing and Cardan wheel
packing and others.

Felt Materials

Felt comes as a sheet material made from old. fibers. Industrial
felt is divided into fine wool (GOST 288-61), semi-coarse wool (GOST
6308-61) and coarse wool (GOST 6418-61). Felt is a porous material in
which the air pores consist of no less than 75% of its volume; the
density of felt is from 200-430 kg/im3 . Felt possesses good heat and sound
insulating Lnd damping properties. Thermal strength of felt does not
exceed 75 0 C,

Wool fibers of the fclr are destroyed by fungus and mold, easily
destroyed by alkali but resistant to acid.

Semi-coarse wool felt is used as a packing fiber of sliding Cardan
forks, bearings, shock-absorbing rods and so forth, as brake packing in
the wheels, as filtering elements and others.

Casketing of longitudinal steering shafts, filler gasketing of air
filters, steering shaft rolls and other things are made from coarse wool
felt,
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TABLE 177. PARONITE

2 3 4 5 PeMon~yueMUe napaMeT.inpeAe pxeem,
q Pa3Mep nnob. npo4110k 6 "i"fHwIA

MapKTaPOIM HOCib. pl , 9J7IHCTh, *X.7 ' /¢,l' OeaA5 He ieee c peA1I %R

10 .12
A it JIB, rOCT 0,4- or 300x 1500-2000 100-300 50 450 BoMa, nap

481-58 6,0 X400 AO 40 400 He)Tenpo-
1200x 70 -00 AyKThu
x1700 2,5 -. 182 )KsI.Aui

13 '.f[opo•
YB.10, TY MXI' 0,4- 550X550 He 6onee 120-3204 100 200 He#Cnpb-

1369-50P "2,5 2000 701-80 AYXTU
15 16

9-38.56, BTY 0,4- 550X 550 1500- 150' - 200 To we
X? 31060-60 2,5 600x600 2000 100

17 184eppoiiiT (apMH. 0,8- OOOX He 6oniee - 75 450
ponai NteTannH'Iec. 1,2 X 1500 2700
xoii ceTKoil), TY
AIXn 4240-54

Key: 1. Brand of paronit'e; Thickness, mm;
3. Dimension of sheet, mm; Density, kg/m3;
5. Tensile strength, kg (force)/cm , not less than;
6. Recommended parameters for use; 7. Pressure
kg (force)/cm2 , not more than; 8. Temperature, 6C,
not higher than; 9. Atmosphere; 10. L and LV,
GOST 481-58; 11. From; .12. Water, steam; petroleum
products; liquid oxygen; 13. UV-lO, TU MKIIP 1369-50R;
14. Petroleum products; 15. 9-38-56, VTU No. 31060-6
16. Ditto; 17. Ferrous thread (reinforced with a
metallic network,) TU MKHP 4240-",-; 18. Not more than.

* In the numerator, before soaking in kerosene,
in the denominator, after swelling.
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§ 2. Insulating Materials

During repair of electrical equipment of automobiles various
electrical insulating varnishes, mica and micanite, insulating tape and
varnished fabric, and also various plastics (electro-industrial textolite,
electrical insulating Getinax, Pertinax [a bakelite board], leatheroid)
resin and pressed pieces are used.

Electrical insulating varnish is made on an asphalt-bitumen (No. 316,
447, 460, BT-99), glyphthalic (GF-95) colophony (KF-95) and other film-
forming materials (Table 178).

Electrical insulating varnish No. 316 an, BT-99 are used for coating
during the repair of electrical systems; No. 447, 460 KF-95, GF-95 are
for impregnating insulating sheathing of electric engines and transformers;
VL-941 is for electrical insulation coating of copper conductors.

Mica and micanite. Mica is an aluminLsilicate transparent mineral
capable of division into fine flexible plates. Micanite is made by gluing
mica plates using various connectives: glyphthalic resin, bitumen oil and
liquid glass. Micanite is divided into commutators, molding, gasketing,
bending, heat resistant and mica tape (Table 175).

Properties of the Mica:

Density ..................... 2700-3200 kg/m3

Hardness ............ ..... 2-3 (according to
Mohs hardness scale)

Temperature resistance . . . . . ... . 500-800°C
Yield poinc

Tensile . . . . . . . . . . . 20-31 kg (force)/mm 2

Compression ..... .............. up1 io lI
Specific electrical resistance. ....... 10 -10 ohm • cm
Dielectric strength . . . . . . . . . up to 300-400 kV/mm
Tangent of the angle of dielectric loss . . o 0.0003-0.004

Insulating tape (COST 2162-68) comes as a fabric impregnated on one
or both sides with a soft crude resin mixture.

Sticky insulating (TU MKHP 2898-55) is a threaded tape polyvinyl-
chloride film rolled plastic, coated with a layer of chlorinated polyvinyl-
chloride glue (100 g on m2 ). It is produced in four brands--- PKHL-020,
PKHL-030, PKHL-040 and PKHL-045, thickness from 0.20-0.45 mm width from
15-50 mm and in various colors.

The tensile utrength is not less than 80 kg (force)/cm2 . Relative
elongation during tearing is not less than 100%, specific volume of
electrical resistance is not less than 1013 ohm o cm. The stickiness of
the tape is not less than 30 sec. Frost resistance up to Vinus 400 C.

-368-



Electrical insulating cardboard (COST 2824-60) is produced under the

following trademarks: EVS, EVP, EVT, and EV in sheets or rolls with
thickness from 0.1-3 mm. Density of the cardboard is 1000-1200 kg/m 3 ;

humidity is not more than 10%; yield point during stretching is 3.5-12 kg

(force)/cm2 and dielectric strength is 8-13 kV/mm.

Electrical insulating varnished cloth (formerly called cambric) is
made from cotton, silk and fiber glass saturated with electrical insulating

varnishes. They are produced in the form of rolls, sheets, pipes and

cylinders.

Thickness of the varnish cloth: cotton (COST 2214-66)--- 0.15-0.30;

silk (COST 2214-66)--- 0.04-0.15; glass (COST 10156-66)--- 0.11-0.25 mm.

The dielectric strength of varnished cloth is 30-66 kV/mm; specific
vo'ume of resistance is 1011-1013 ohm . cm; tensile strength is 150-300
kg k rce)/cm2 .

TABLE 178. ELECTRICAL INSULATING VARNISHES

U~2 3 zV' 447 A 460 Kl95ro.vs 8
i) .lo~~a~~qR 1 L. I I" I BI Br94 1.

1 S 01 Io _- __-- -- . . 'CT
.o cr rocT 6244- rOCT 8018- 10760-64

52 652 7 70

9 BH3iKocm no B33.4, cen 30-50130-60130-60130-60[140- 70130-50 135-90

lOPacTeOp ib (pa36asHTcJlb) , COibCRT, T041y04, KC)UIO 11 MX Aixpe.
biecii C yalrT.ChUpUiTOM (1:1) son.

c0a1bDC13P

13reMnepaUypa CyWmtH. 0C 18-0 18-20 '105- 105- 105- :-5-- 100-110
-110 100 110 110

14BpCMs cywxti, it, t.e 6onee 24 3 6 10 2 2 2

159.eKTptiqecxaq npoq.OCTb 20 S0 55 60 60' 70 -

,XUCIKII nIOC•e CYWKII, X4 44, tI lie

16'ýyxof OCTaTroK, %, tie Niiee. 40 38 40 40 40 45 16

Key: 1. Indicators; 2. No. '16, 'M FIM.P 564-41;
3. BT-99 COST 8017-56; 4. KF-95; 5. GF-95;
6. COST 6244-52; 7. COST 8018-70; 8. VL-941,
COST 10760-64; 9. Viscosity according to VZ-4,
sec; 10. Solvent (ti'inner); 11. Solvent, toluene,
xylene or their mixtures with white spirit (1:1);

12. Dicresol, solvent; 13. Drying temperature, OC;

14. Drying time, hours, not more than; 15. Dielectric
strength of the film after drying kV/mm, not less than;
16. Residual drying, %, not less than.
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TABLE 179. PROPERTIES OF MICANITE

1 KonACK2 %Vop,,o.3. I'.k•n. MnKa4e5.
floare~nTOpýH TIA. nolifiul oq,,f I'HOCTto', 4% OCTeH
no~~nsi, I'OCT rocT. IOý41C',Tf. ICT 1W T

2196-60 63122-60 C-121-60 6120-01 4268- 65

7Toukm.ia, Mm 0,4-3 0,15-3 0,5-10 0.15-0.50,08-0,17

8KoaH,1ecr8o CDO3yioutero, % 4- 6 10-20 25-35 20-35 15-30

92e1CKTp11ecCKaM npoqIoC0M Bocee 18 15-40 15-20 5-,3 14-20

Key: 1. L.idicators; 2. Commutator, COST 2196-60;
3. Molded, COST 6122-60; 4. Casketing, COST 6121-60;
5. Flexible, COST 6120-61; 6. Mica tape1 , G8ST 4268-65;
7. Thickness, nun; 8. Quantity of connective, %;
9. Dielectric strength kV/mm.

1. Mica tape glued on both sides to thin paper.
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CHAPTER XI. WOOD MATERIALS

Lumber and plywood are used during the repair of automobiles.

Various types of wood materials are used, both coniferous types of
trees (pine, spruce, larch, fir and others) and deciduous types (oak,
birch, ash, beech and so forth).

§ 1. Properties of Wood

General Properties

Pine possesses good physical mechanical properties with a relatively
small volume' of weight, comparitively few knots and contains many resin
substances, which have a preservative effect on ti wood items. Parts of
truck ýtforms and auLomobile cabins are made from it.

The p'iysical mechanical properties and resistance to decay of spruce
is only -.Lightly less than that of pine, but it has considerably more
knots. The latter make it somewhat difficult to process spruce wood
mechanically. Humidity changes cause the decay of !pruce wood. Spruce
lumber is also used for making parts of truck platforms.

Larch is one of the very hardest and strongest types of wood. Larch
wood is resistant to the effecL of water and humidity in the atmosphere.

Oak is very hard and strong, possesses resistance to decay and possesses
the calpability of being bent. At low temperatures oak wood is comparitively
brittle and tends to crack.

Birch is distinguished by its good elasticity, viscosity and adequate
hardness. Under conditions of changing humidity, birch material,
especially the thin, is inclined to warp. Birch is one of the basic
materials for the production of veneers.

Physical-Mechanical Properties of Wood

Humidity is the quantity of water contained in the wood expressed
in per cent of the weight of absolutely dry wood.

An air dried condition of the wood obtained during drying in the air
for the summer months corresponds to a humidity 15-18%, and room drying----
8-9%. Elimination of water from the wood causes a change in its
dimensions (shrinkage). Shrinking causes cracking in the wood, usually
in a radial direction, and also warping. When the wood is dampened
swelling occurs which can also cause warping.

Total weight is the weight of I cubic meter of wood (kg/m 3 ). The

total weight of wood of one or another type depends on its moisture

content.
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Mechanical properties of wood are non-uniform in various directions
of application of deforming force and depend on the type of wood, its
growth, presence of knots, moisture and temperature.

With an increase in moisture content, the mechanical strength of the
wood decreases. The average values of physical mechanical properties of

some wood types (with moisture content 15% absolute) are:

Pine, spruce Birch Larch, oak

Total weight, kg/m3 . . ... . .. ..  . 460-540 640 660-720
Yield point, kg (force)/cm2 . . . .
With pressure along the fibers. .. 425-465 465 520-720
During static bending .... ....... 775-875 925 920-990
During stretching along

the fibers . . . . . . . . . . . 1065-1150 1455 1200-1290
During stretching crosswise

of the fibers. . . ....... 30-52 90 48-77

During twisting ........... 98-110 135 140-150
Specific impact strength,

kg (force) • cm/cm . . . . . . 18-23 43 25-40

Heat capacity, kcal/kg • degrees.. 0.407-0.410
Thermal linear disintegration . . .
Along the fibers . . . . . . . . . 3.106-5.106

Crosswise of the fibers ......... 2.10-5-4.10-5

Heat resistance during
humidity . . . . . . . . ....

10%, kcal/m • hrs • degrees . . . . 0.15 0.18

Gnarls and cracks are related to knots in the wood; they decrease its
strength properties, cause glassiness, twisted growth, bulging butt and enable
the lumber to warp. Non-standard coloration caused by fungus only

slightly effects the mechanical properties of the wood which can be used
after the damaged portion has been removed. Decay, which is also caused
by fungus inside, outside, fungus infected, rotting and so forth are the

most dangerous defects; such wood should not be used. Damage to wood
caused by insects decreases its strength; wood with dry rot must not
be used.

To keep wood from rotting during drying, it is saturated with anti-

septics, and coated with protective paint.

§ 2. Lumber

Lumber is manufactured both from coniferous types of wood: pine,
spruce, larch, cedar (GOST 8486-66) and from soft deciduous types:

oak, ash, birch, maple, white beech and others (GOST 2695-62). Lumber

can be divided according to the dimensions of crosrsections into:

boards whose width is more than twice its thickness;
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bars, whose width is not more than twice its thickness;.

beams whose width and thickness are more than 100 nmm.

They make round and quarter sections from logs which have been cut
along the lengthwise axis in the area where they are going to be used
(Figure 3). Lath and planks are various kinds of boards with small
dimensions in thickness and width.

According to the type of processing of thd lumber they can be trimmed
and have all four sides cut or untrimmed and be cut in layers but the
edges can be untrimmed or partially trimmed.

The dimensions of trimmed lumber. The length is from 1-6.5 meters
with gradations of 0.25 m. Thickness of the boards--- 13, 16, 19, 22,
25, 32, 40, 45, 50, 60, 70, 75 and 100 mm with a width of 80, 90, 100,
110, 130, 150, 180, 200, 220 and 250 mm.

The crosssection of the bars is 50 X 100, 60 X 100, 70 X 80,
70 X 100, 75 X 100, 75 X 130, 75 X 150, 100 X 100, 100 X 130, 100 X 150,
100 X 180 and 100 X 200 mm.

The section of the beams is 130 X 130, 130 X 150, 130 X 180,
150 X 150, 150 X 180, 150 X 200, 180 X 180, 180 X 220, 200 X 200,
200 X 250, 220 X 220, 220 X 250 and 250 X 250 mm. The thickness of
lumber from deciduous types is limited to 75 mm, and the width to 200 mm.

Depending on the presence of knots and defects, the lumber boards
and beams of coniferous types of woods are divided into five grades:
select, first, second, third and fourth. Lumber from deciduous types
are divided into three grades: first, second and third.

The absolute moisture content of the lumber delivered for use must be
no higher than 22 t 3%, not including the fourth grade, whose water
content is not standardized.

Labeling of lumber. Lumber is marked according to GOST 6564-63.
Certain lumber is marked on the ends with indelible paint or with a
cutting brand. The tab on the bundle of lumber must show: manufacturer,
his address, the type of production, the grade, quantity, COST, and the
grading lumber. During unloading of the number by piles, the labeling
must be written on the edge of the material using a waterproof chalk
or stamp (Table 180).

The use of lumber for automotive repair. Ash, oak, and larch are
used for parts of the shell and trim of special automobile bodies; pine,
spruce and birch are used for platforms of trucks.

The wood must be straight with a minimum number of knots and gnarls
when the annular rings are cross cut. There must not be knots or increased
pitchiness. The moisture content must not be more than 15-18%.

-373-



Truck Parts Lumber grade

Grill borders ................ Select
Platform crossbeams ............. . I
Upper boards of edges, edging boards of

the platform skirt . ............ 2
Boards for edging and platform beds ... ..... 3
Other non-critical parts ....... .......... 4

o,.)'.9 _)o 23A ~II

Figure 3. Types of Lumber and Products:
1. Log; 2. Round; 3. Quarter round;
4. Squared off beams; 5. Sharply edged
beam; 6. Beams; 7. Thick trimmed board;
8. Thin trimmed board; 9. Thin non-
trimmed boards; 10. Slab.
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TABLE 180. LUMBER BRANDING

2 Kp,:~ I1II OT10O1111OC KAC1l1%1
COpT N; "nOM 11P.11

tanILIIIJIal 25 AI.W t MII ,le

i1, I1IMnTcplaJa Tornu•llla mncIIO 25 jot Mo ItI (2o5IN (MilvieM

1 3 , 4 .

6 OT6opu1lil OAiia roplI3oauTajlbali nonoca (-) 0
8 Fcpubul OAlla I3epTICaI) al,$1, no.Hoca (1) . i Uia ToII{a (.) I

I JUBC BC)TIMlJbItblC bI (II L,(1 T0o,,,1, (..) I,
"rpeinr . 'p, I3epTInabIlbIe noaoci 6 Tpu 7'IKII (...) I.1

(i1l) 18 1 19
17 eCT3CpTbIIr ( Ie rop113o0ITaAbI4C nO.1OCU 0'M, KpOCT (+) IV

Key: 1. Grade of lumber; 2. Paint or cutting
brand; 3. Thickness less than 25 mm; 4. Thickness
25 mm and more; 5. Chalk or stamp; 6. Select;
7. One horizontal band (-); 8. First; 9. One
vertical band (I); 10. One point (.); 11. Secc'd;
12. Two vertical bands (II); 13. Two points (..);
14. Third; 15. Three vertical bands III); 16.
Three points (...); 17. Fourth; 18. Two horizontal
bands (=); 19. One cross (+).

3. Plywood

Plywood is a laminated wood material obtained by gluing according
to thickness, three or more layers of trimmed veneer sheets alteinating
the direction of the grain in each layer. The veneer sheets are thin
sheets of wood (from 0.1-3.5 mm) obtained by cutting layers with a
rotational cutting of the log of wood (block). The outer layer of the
veneer wood is called the sleeve, and the inner the core. The grain
in the sleeves must be in the same direction. Veneer is divided
according to water resistance: high water resistance FSF, glued with
phenol-formaldehyde glues; average resistance FK, obtained by gluing
the veneer with carbamide glues; FBA is attached with albumen-casein
glues.

According to the quality of processing of the sleeve, the veneer is
polished or non-polished. Depending on the presence of flaws and the
quality of the veneer sleeve they are divided into five grades:

A, AB, B, BB, and C, and according to the quality of the veneer the
AB B BBB C
core is divided into three grades: 1, 2 aad 3. If there are gaps in the
veneer sleeves of less than 6 mm they are filled, and if the gaps are
more than 6 mm, they are patched.

Absolute moisture content of the veneer FSF and FK on delivery for

use must be in limits 5-10%, and FBA, 6-15%.
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Nominal Dimensions of Sheet Veneer, mm:

24.10X1525XI.5 (2 u 2,)" 1525XI220X6 (7, 8 it 9)

2440X1220X3 1525X725XIO (12)
2135XI525X4 1220X725XI0 (12)
1830X1220X5 1220X1220X1S (18 I 19)

1525X1525X6 (7, 8 It 9)

In the parentheses are given thickness of the
veneer, besides that shown for the basic form.

The acceptable variation in length is 1. 5 mm, widt4 + 4-5 mm,
thickness t 0.25-0.7 mm. For birch and alder veneer the minimalI thickness acceptable is 1.5 mm, and for other types of wood--- 3 mm.

On the circularly-cut sleeve the labeling is applied showing the
brand, grade, (illegible word) control number OTK. When packing the
veneer in bundles by weight (illegible word) the labeling must be
pdt on the exterior sheets of the sleeves.

The shear strength of the glied seam must be not (word missing) for
birch veneer--- 12 kd (force)/cm2 and for veneer of other types--- 6-10
kg (force)/cm 2

§ 4. Bakelited Veneer

Bakelited veneer (GOST 11539-65) is a plywood of birch veneers,
glued with phenol or cresol-formaldehyde resins, which give the materials
superior water resistance. The bakelited veneer can be divided according
to brands: FBS and FBSI, glued with alcohol- (word missing) resins,
FBSV and FBSVI, glued with alcohol and water soluble resins, and FBV and
FBVI on wnter soluble resins. The latter brand of veneer, as (%ird

missing) water-resistant, is used for construction when joining only by
mechanical methods, and the first two brands permit gluing by a cold
method.

Nominal Dimensions of Sheets of Bakelited
Veneers, mm:

t60)XIMU(IX& 6000X1200X14

1500X 1500X1 5600X 12
0
0X I I

4400X1500XI
0  6013 0 15OUXIG

4900X1250X12 7700X 1,OXId
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The acceptable variation in length "t 20-40 mm, width + 20 mm and
(word missing) not t 0.5-2.0 mm. On each sheet of veneer at a distance
of 100 mm from (word missing) paper labeling, pressed along witb the
veneer, the label shows the manufacturer, the brand of veneer, thickness
of the sheet and number (word missing).

The yield point of bakelited veneer of various brands must be
(word missing): shear strength on the glued seam--- 15 2kg (force)/cm2

for stratching along the grain--- 600-800 kg (force)/cm2 , and during
static bending along the grain--- (word missing) 1110 kg (force)cm2.
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CHAPTER XII. AUTOMOTIVE FUELS

At the present time, gasoline and diesel fuel are mainly used as
fuels for automobiles,, In some cases aviation gasoline B-70 is used.
For thinning diesel fuel kerosene is sometimes used. The general properties
of fuel are presented in Table 181.

The standard quality indicators of fuel are the following. The octane
number is the indicator of detonation stability of the gasolines; it is
determined by a method of comparing the detonation stability of the
gasoline being tested with the detoaation stability of a mixture of ethalon
fuels (isooctane and standard heptane) on motor equipment IT 9-2 (motor
method--- GOST 511-66) and IT 9-6 (research method--- GOST 8226-66),
which differ from each other in various procedures of the work

The octane number is numerically equal to the per cent of isooctane
in the ethalon mixture equivalent in detonation stability to the gasoline
being tested. The octane number using the motor method (OCH/M) is usually
a smaller octane number according to the research method (OCH/I) by 4-10
units.

The higher che degree of compression of the carburetor of the engine
the larger the octane number must be for the gasoline used.

The cetane rating (TS.CH.) is the indicator of inflammability of
diesel fuel. It is determined according to GOST 3122-67 by a method of
comparison of tf'e inflammability of the fuel being tested with the
inflammability of a mixture of ethalon fuels (cetane and methylnaphthalene)
on motor unit IT 9-3 (a method of coinciding detonation). The cetane
rating numerically is equal to the per cent of cetane in the ethalon,
mixture, equivalent to the inflammability of the fuel being tested.

The fractional composition is the indicator of evaporation of the
fuel and characterizes the relationship between temperature and the quantity
of fuel which is distilled at these temperatures. The fractional
composition is determined according to GOST 2177-66 and is expressed in
temperatures under which distillation begins (Tnp), distilled 10, 50 and
90%, respectively. t 1 0 %, t 500% and t 9 0%) and completes distillation of the
fuel (tkp).

Pressure of saturated vapors, determined according to GOST 175b-52
or GOST 6668-53 shows the presence in the fuel of solvent gases and
easily evaporating fractions; inditectly it characterizes the evaporability
of the fuel.

Acidity is one of the 'ndicators of corrosion properties of fuel;
it is determined by GOST 5985-59 and characterized the content in the fuel
of organic acids. It is expressed in miligrams of potassium hydroxide KON,
used for neutralizing acid found in 100 mq of the fuel.

The sulfur content is a basic indicator of the corrosiveness of the
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fuel. It is determined by GOST 1771-4S and characterizes the quantity of
sulfur compounds in the fuel which are capable after combustion in the
engine of causing corrosion of its parts.

Testing on a copper plate according to GOST 6321-49 qualitatively
shows the presence in the fuel as it is called of active sulfur (hydrogen
sulfide, sulfur, mercaptan), which cause corrosion of metal, in tanks,
containers, fuel systems of engines and so forth even at ordinary temperatures.
Active sulfur is not permissable in fuel.

Water soluble acids and alkalis qualitatively are determined by
GOST 6307-60 and characterize the presence in fuel of residues of chemical
reagents from processes of purifying fuels in the petroleum factories.
The indicator, is the corrosiveness of fuels.

Actual resins which are determined by COST .567-56 or GOST 8489-58
characterize the content in fuel of high-molecular products of oxidizing
polymerization of unsaturated hydrocarbons.

The induction period is the indicator of chemical stability of
gasolines; determined by GOST 4039-48, it characterizes the tendency of
the fuels to oxidize and become resinous during storage. The higher '.he
induction period the longer the gasoline can be stored without changing
its initial qualities.

The content of tetraethylead (TEC) is determined by GOST 63-62 and
shows the quantity of antiknock compound introduced into the gasoline---
a mixture of lead tetraethyl and organic chlorides and bromides.

The temperature of cloudiness is the temperature at which the fuel
becomes cloudy as it cools; this is caused by a deposit of micro- crystals
of paraffin or water. This indicator is determined by GOST 5066-56.

The congealing temperature, determined by GOST 1533-42 is the
temperature at which the petroleum product is somewhat congealed (loses
fluidity); at a test slope of 450 the level of the product being tested
remains immovable for a period of I minute.

§ 1. Automotive Gasolines

Composition of Gasolines

Automotive gasolines are mixtures of benzine distillates of first
distillation, thermal cracking, of platforming and catalytic cracking.
They add to the gasoline a gasoline fraccion of coking, gaseous benzine,
a butane fraction and so forth. According to the degree of increase of
processors of catalytic cracking and catalytic reforming a portion of
distillates of these processes in automotive gasolines are increased
because of the decrease in the portion of distillates of direct distillation

and thermal cracking. This leads to an increase in detonation stability
and chemical stability of the gasolines.
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The group composition of the gasolines depends on the composition
and proportions taken from mixing the components. Usually automotive
gasolines contain all four groups of hydrocarbons with a prevalence
of alkannic and cyclannic hydrocarbons. In gasolines for mass consumption
the content of unsaturated hydrocarbons can vary from 10-15 to 30-45%.
High octane gasolines usually do not contain unsaLurated hydrocarbons.

In order to improve chemical stability in gasolines which contain
distillates of thermal and catalytic cracking and also coking products
anti-oxidants are introduced (oxidation inhibitors) in a per cent of
ratio to the distillates shown: paraoxydiphenylamine--- 0.007-0.010%
wood resin inhibitor in a quantity of 0.05-0.15%.

An Assortment of Gasolines and Their Intended Use

At the present time, according t3 GOST 2084-67, several brands of
automotive gasoline are specified by industry (Table 182).

All automobile gasolines, with the exception of AI-98 gasoline,
are divided into summer, intended for use in all areas of the country
except the north and northeast from April lst to October Ist and winter
with a lightened fraction composition intended for use from October 1st
to April 1st.

In the southern regions of the country one can use summer composition
gasoline all year round, and in the north and northeast region gasoline
with a winter composition.

Summer automotive gasoline intended for use in regions with a warm
climate works with a temperature of initial evaporation not lower than
450C. In places for supplying gasoline to consumers it is permissible to

increase the temperature of evaporation 10% for 100, the temperature
of evaporation 50 and 90%--- for 20C and final evaporation, for 30C. It
is also permissible to increase the residue in the flask by 0.3%.

Gasolines which contain distillates of catalytic reforming, have a
final temperature of evaporation which can be somewhat higher than the
standard: summer gasolines A-76 and AI-93, and also gasoline AI-98 to
205 and winter gasolines, A-76 and AI-93 up to 1950C. For operation of
automobiles in cities and regions where sanitary inspection forbids the
use of ethylated gasolines and also for buses, the industry provides a
non-ethylated gasoline for these brands and types.

The recommended use of gasolines is presented in Table 184, and the

method of evaluating the operational properties of gasolines is in

Table 183.

Quality Adjustment of Gasolines

Within the limits of their capability, auto transport industries can
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I correct certain quality indicators of gasolines. The correction is done by
mixing unconditioned gasoline with the gasoline which possesses the
qualities which need correcting.

A calculation of correction is done according to the additivity of the
majority of the indicators of properties of the petroleum products:

t - nix + n0 -- X)-

where 7 Tc,- --- the indicator of the quality of the mixture;
, - quality indicator of the mixed products;

x and /- --- corresponding portions of the mixed products.
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TABLE 181. GENERAL PROPERTIES OF FUELS

11113Cfl1, C
j C13ACOflia 3 4eiii 4 Toummiro

12 4

5 CpemIflr 3JemCHTapiiblr CacraD, % (iZeC.):
C; 1 81,8-82,7 85 85,5
If 18,LL-18,2 15 14,5
s 5 Ao 0,0025 Ao 0,15. Ro 10
04i-N - v 0,02' v , (" )

Cp~eAinn~ x~milrn'wci~ qopmiyaa C3Hs-C 4H10  Cajifi C~i-1:
61w.eixymiiimain ~Nmcca 44-58 100- 120 210-2

9 KICNcI.u111'iCCI~ag us11i:CCmb upi 20*C, 0,17 ,75-0,8 2,2--t (L
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Table 181, con't.

12 TcIInotipAOGUOMOCTh, %KAA1-PO

iipi; 01 C 0,1035 011015
v 5000C - 0,0ow 0195

13Tcuaula itcnapceun npti TremnepaTYPC- 92-102 70-75 52-58

144PaCToopINNOC11 HOAU 8 TOMMOUW, %
(sec.);

fplH 30" C - 0,0210 0,0!00
31 200 C - 0,0135 G,0)050
o100 C -0.0070 (1,003
o00C -0,p0035 0,0015
o-10' C - 0,0020 0,6010
-200 C - ,0.00W 0,0005

15n1peaemII. Bocfl~as.ineunIMIH iipo onausr

20* C ti 760 mm~ pits cmt.40"

a 0oei. ,3-.0,4 0,5-0,6 0,5-0,6.

W6e.,4ueparypa saamiuaiiHi, OC -135-100 9111IM~-80 -10-: -

17Te~1nepaTypa E-CflbiwnI, OC laijxce -70 -50---30 30-100
18 o cd~.io0,0nonjamiciicun (no 400-470 255-475 240-345
SCAn.LIROMY NtCTOAY), 00

2Or'C~.nep3Typa xKHRUIRI npit 760 AfM pin. 741-.+l 35-M0 180-360
cin., OC (np2c'JuA)

23.11 il~aiua rwUNIoA cropimin, /x~aA/xc 10845-109701 10300-106(x)110000-102
22' ,ci.~ iii1titCOOXOMINSuC KOIII14CCIDO 15,5-15,7 14 ,9-I1,0, 14,8-14,

")J;Iyx;l, KA'/tc

a-1,0 870-880 890-000)
l;,i 790-800 800-620 -

a= 1,2 725-735 735-750 -

24 L'Mvi~ IPIM'CI ecicOleCTI0ficti oftn.wO{llifiJ

.lr.C eClli-Il C K.InI flOTwdIi Iifl j - 1 .7 ,d 2, 12-2,
C i zt iwu I, C:

Reproduce-d from
best availalble copy. 01
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Table 181, con't.

np. 20' C 1 CxopocT1 I Ce-- 10 -
V * V -- 20-25 -

.1i" 450C` i cxOpocTO 1.5 M/cet -- 0 -
.24r' peiem,,Ito AOnycTItaFI xoIILteurpaau ti 300 100 300

napoo U 0o3AyXC, Me/Al3

Key: 1. Properties; 2. Propane-butane mixtures;
3. Gasoline; 4. Diesel fuel; 5. Average element
composition, %, (weight): C; H; S; O + N;
6. Average chemical formula; 7. Molecular mass;
8. Density* at 200C, kg/m.; 9. Kinematic
viscosity at 200 C, centistokes (mm2 /sec**). 10. Surface
tension to the limit of the fuel--- asr at 760 mm
mercury column, dyne/cm (kN/m), at 10 C; at
20°C; at 30°C; at 40°C; 11. Heat capacity, kcal/kg •
degrees: at temperature 0°C; at temperature 20oC;
at temperature 600C; at temperature 100°C; at
temperature 1400C; at temperature 1800C; 12. Heat
conductivity kcal/m • hr • degrees, at 00C; at 50°C;
13, Heat of evaporation at boiling temperature, kcal/
kg; 14. Solubility of water in fuel, % Sweight):
at 300C; at 200 C; at 10OC; at 00C; at -10 C; at -20°C;
15. Inflammability point of fuel vapors (ignition of
electrical spark) at 200C and 760 mm mercury colum***:
lower limit: 7 (volume); cz ; upper limit: % (volume);
cc ; 16. Congealing temperature, 0 C; 17. Flash
point, OC; 18. Temperature of spontaneous combustion
(according to a drop test method), 00; 19. Below;
20. Boiling temperature at 760 mm, mercury colume,
0 C (limit); 21. Lowest combustion heat, kcal/kg;22. Required quantity of air theoret ically• at'/0k an

23. Combustion heat of the mixture, kcal/ml at O3 C and
760 mm, mercury column when:
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Key for Table 181, con't: 24. Electrical properties of
dehydrated fuels: dielectric constants; electrical conductivity
compared with mercury at 00C; electrification during pumping
through a resin tube, kV; at 20 0C and velocity I m/sec; at
200C and velocity 1.5 m/sec; at 45 0 C and velocity 1.5 m/sec;
25. Concentration of vapors attained in the air approximate,
mgl/r2.

*With an increase in temperature the density of the fuel
and oils decreases and the reverse. For calculativg the
density one can use the formula

P:0 =f'e +v7(l- 2 0) KelM',

where ,9~ --- the density of fuel at 200C;
the density of fuel at temperature t °C;

Y --- temperature correction, kg/m3 
* degrees, which is

equal to:

For gasoline For diesel fuels For oils

700-709 .... 0,897 780-789 .... 0,792 880-889 .... 0,660
710-719 .... 0,884 790-799 .... 0,778 690-899 .... 0,647
720-729 .... 0,870 800-809 .... ),705 900-C09 .... 0,633
730-739 .... 0,857 810-819 ... 0,752 910-919 .... 0,620
740-749 .... 0,844 820--829 .... 0,738 920-929 .... 0,607
750-759 .... 0,831 830--839 .... 0,725

840-849 ,... 0,712 93.-939. 0,594

** A change in viscosity of the fuel with a change in
temperature is shown in Figurp 4.

*** A change in the limits of inflammability of automobile
gasolines when there is an increase in temperature:

volume

t 0-

S47 - Figure 4. Change ii- viscosity of
4S fuels according to temperature:
V .. . 1. Butane; 2. Gasolire; 3.
0--3/Kerosene; 4. Diesel arctic fuel;

5. Diesel winter fuel; 6. Diesel
42 summer fuel: Key: 7. Viscosity of

.IV5 .. • fuel, mn2 /s; 8. Temperature of fuel,
80 AtO,#x~ 0 M1. V3 •

B Ttgg/igm.'pc mOnulln-, o85-
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TABLE 182. AUTOMOTIVE GASOLINES

flO a~ ?. lH I A - 6 j . 2 J A 7 6 H H- 9 ýI~A H . 9 1 1 Wlw l 114 e 11

r0CT 2OlA4-67 I0IOe-S

9 aCT0atkllnaiHraR CTOI1KOCTb, Hie

oq/M 6 72 76 85 89 70
otl/14 - - - 93 98

10 Cocpmca~ime TO30, efica, tie dontee 0,62 OTCYT- 0,41 0.82 0.82 OTCYT.
CTDYeT cThyeT

12 4OP3aKl~iibIIIlu COMBa:
Tc~nCIlaTyp3la ilaqaja nepcroH-

Kiti, 00, Hie lim~e:
noirtiero 6CH311118 35 35 35 ,35 35 40

133uimmcro 9 14fic I'oPm~pyeTCR
10% 11 ' eperoitne'rc npil
TCh~flcrtaTypC. 0. lie PMPi::.

15 -neriiero OC13cuama 79 70 70 170 70 88
16 umuiicro 1 65 55 55 55 -

17 50%N IcperornfeTcR TI&Ij TCM;

18 Miiiero 6cH31911a 125 115 115 115 115 105
19 simmeuro 1135 100 100 300 -

20 W0% iieperarnleTClI npsi TehM*
nepiiype, 00, lic sbiwue:

91 eilcro 6cHeimma 395 380 180 180 180 345
3*N11l 160 160 360 160 - -

23 KOiteti jaeiuicn, OC, tie Duw".: s
24 jiciicro 60l31111a 205 395 195 395 195 180
25 wameiro a 385 185 185 185 - -

26 OCraTc,x( Dt Kxn6C, %, ie donece 1.5 1,5 1,5 3,5 1,5 I's

JZOCIIITI9K+IIOTVPpH, lie donee 4.0 4.0 4.0 4,0 4,0 2,5
Mu.1 PI~l ci., lie dounee

29c'Tocro r-m3sII: 500 B00 500 *a0 500 360

3031'Iý' K01l u'.1 100 .11A 3 3 13 3 3 1
32 it, p,. mm! .'v~u~u~: cmna .11 15 0 30 7 7 2

lie (if , 0

35:IciI-Jlf.aII,4'sit.~ 11. 3&1 *019 0.30190
41A'.s'W 'il'% %vla .. lH. 39 ie (44"C. u1,51 0 , .I f) 0.101 0,05

37 licupa~Tcm'p~tte Kpj-; jjj~c JGrcy cwuyloT

AaIH~,jutK~( 40 41 42 J43 44 45
39LIRACT 1111I4AsPO~aamboro dQ1311113 ()paul- Bee. 3C.10. genuii ~.. 5CCUi'CT.

1~- 241
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Key for Table 182: 1. Indz_. ,r; 2. A-66; 3. A-72;
* 4. A-76; 5. AI-93; 6. AI-98; 7. GO.ST 2084-67; 8.

Aviation gasoline B-70, GOST 1012-54; 9. Detonation
stability, not morn than: OCH/M; OCH/I; 10. Content of
TES, g/kg, not mole than; 11. Absent; 12. Fractional
composition: temperature of the start of evaporation, OC, not
lower than: summer gasoline; 13. winter gasoline; 10%
evaporation at temperature, OC, not higher than; 14. Non-
standardized; 15. Summer gasoline; 16. Winter gasoline;
17. 50% evaporation at temperature, OC, not higher than:
18. Summer gasoline; 19. Winter gasoline; 20. 90%
evaporation at temperature, OC not higher than: 21. Summer
gasoline; 22. Winter gasoline; 23. Termination of boiling,

C, not higher than; 24. Summer gasoline; 25. Winter
gasoline; 26. Residue in container, %, not more than; 27.
Residue plus loss, %, not more than; 28. Pressure of saturated
vapors, mm mercury column, not more than 29. Summer gasoline;
30. Winter gasoline; 31. Acidity, mg, KOH for 100 me of
gasoline, not more than; 32. Content of actual resin (at
place of consumption), mg/100 mX not more than; 33. Induction
period to ethylation, minutes, not less than; 34. Content
of sulfur, %, not more than; 25. Testing on a copper plate;
36. Passed; 37. Water soluble acid and alkali, mechanical
mixtures and water; 38. Absent; 39. Color of ethylated
gasoline; 40. Orange; 41. Colorless; 42. Green; 43.
Dark blue; 44. Yellow; 45. Colorless.
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TABLE 183. EVALUATION OF OPERATING 'PROPERTIES OF GASOLINE

Z. :

L 
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11~ 00, 0.
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- .. ' 183, con' t.

~. ~ j=
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Key for TabLe 183: 1. Operating indicators; 2. By which
facts the quality of gasoline is evaluated; 3. Criteria of
evaluation; 4. Recommendations for improving the operation
when there are unsatisfactory quality factors; 5. Gasoline
was obtained from the fuel tank in an engine; 6. Content of
mechanical mixture and water; pressure of saturated vapor;
temperature of distillation 10% (t 1 0 %); 7. Mechanical mixture
and water can cause stoppage in the supply system and failure
in the operation of the engine. Air temperature higher than
which failure of the engine's operation can occur because of
formation of water vapor stoppage: tair = 2 (t 1n7 --- 46.5 0 C);
8. Let the gasoline stand (2-3 hours and fPlte' it during
service. Codl the fuel supply system in every possible way
(cooling the spa,.e underlying the engine); 9. Starting
qualities of gasoline (starting a cold engine without previous
warming with rotation of the crankshaft from a speed of 35-
40 rpm); 10. Temperature of the start of distillation
(tns) and distillation 10% (tlo%); 11. Temperatures of
air higher than which it is possible: summer starting of a
cold engine (one or two turns of the crankshaft)

satisfactory starting (not more than 6 seconds)

where A- I"- t.•

S/0
Temperature of the air below which it is prectically

impossible to start a cold engine:

tar O6 167 &16% -69 -0 V3

12. Warm the engine before starting (starting warmer, hot
water, steam, electrical or gas warmers). Use starting fluid
(Table 188); 13. Speed of warming and pick up of the engine
(dynamo capability of the automobile); 14. Temperature of
distillation 50% (t 5 0 %); 15. The higher than t 5 0 %, the
slower the engine heats, the worse is the pick up. For forced
engines t 5 0 , must be in the summer no more than 115 0 C and
in the winter no more than 100°C; 16. When warming the
engine, use coverings for the radiator (words illegible here)
adjust the valve-regulator of the exhaust pipe supply
system in accordance with seasonal conditions; 17.
Illegible; 18. Temperature of distillation 90% (t a)
and end of distillation (tk ); 19. The lower thes69h
temperatures, the more completely the gasoline evaporates
in the mixing chamber, the less the oil liquefies in
the gearcase and the lowar the operating wear of the
engine. For modern engines t 9 0 % and tkp must be no higher,
respectively, 180 and 200 0 C for summer and 160 and 1850 C
for winter; 20. Adjust the valve-regulator of the exhaust
pipe supply system to the quote "winter" position. Use

winter warming covers; 21. Combustion of the mixture;
22. Octane number; 23. The octane number of gasoline
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Key for Table 183, con't: must correspond to the degree of
compression and conditions of operation of the automobile.
During warm weather for every 10 0 C higher than the average
level, sn increase in octane number of the gasoline is
required for engines: with = 6 approximately 1.0-1..2;
with 7 0.6-0.8, with = 8 0.4-0.5 units. In winter
the requirement in the octane number is correspondingly
decreased. This is the same for operating automobiles in
the mountains: approximately for 2 units for 1 km of
height above sea level. Overheating of the'cooling
system from 85-1100C increases the requirement in the octane
number of the gasoline by 2-3 units; 24. If the octane
number of the gasoline is inadequate make the ignition
spark later. When the octane number is too high one can
make the ignition slightly earlier. Remove deposits from
the cooling system afid scale from the ignition chamber.
25. Illegible; 26. Content of actual resin, tkp and
residue in the container after distillation; 27. When
the content of actual resin in the gasoline is higher than
20 .im100 me the formation of dangerous deposits is accelerated.
Gasoline for modern engines must not contain actual resin
of more than 10 =0/100 mt, and tkp and residue in the container
must he no more than established by GOST standards; 28.
Periodecally removes scale from the ignition chamber and
deposits from the intake pipe supply system (it is best
jetted out with a stream of air); 29. Corrosion of
engine parts and fuel supply system; 30. Test on a copper
plate; content of sulfur; acidity; presence of water soluble
acids and alakais; 31. Numerous evidence of quality of
gasolines must not be overlooked as established by GOST
standards. If this is not the case greater corrosion of
engine parts can occur; 32. Limit the length of time for
using the gasoline with corrosion capability higher than
the standard.
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TABLE 184. INTENDED USE OF AUTOMOTIVE GASOLINES

hiapma

1 _ 2 3
4 1 6

A-66 A13MA.401; MA-20; %Moctwiunt406; MA320 1il.(i:tat;
17A3.51. 52.01; 3H-JI-12o, I'A3-51, 51A; 52-03, 63,'63A, 93, M3,
164A, 157K; Ypani.353A 5111, 63H. OR1.; PA'1-251: flA3.65, ! IA,

7-11. K1303-651, 6SIA; KA34500. Mi.06 )A

164A, 585. 585A1. 585M4, -158. "BSA;
31,1AIMM3.164A, 164A11; 58513; Ypai.~5.FM
11 11X MO1111111lI KatiiI

7 8 9
A-72 MeM3-966; M3MA.407; 3A3.965, 965A (,43aiiopoxmeita); In .21

rA3.21A, 652, 510~, 69; t~onrna, MA312 (31,1M); 0iocimw.'i'*I2x,
311J1-158B; YA3.450, 451 403, '107; PAM'.9771.1: flA3-652;, 31 1AI - : 13,

FpA3-K62: rA3.53(1', 69, 69A; J1Aý ;.15,

11 4,521]1 iti ix ýwqw;:Iin~aaii

A-76 Me3.9681 A3MA.4081 3A3-966, 9OM (t3anopoxceit); 4h(':K*
31'IJI110, -130, 375, biiq*408*; 31IJI.11; W-353, 53A, S5fl,
1'A3-53 66. 66A;, 1A3-6721 31 M-k130, 131, 1W 311

KAB13.608, 31M.) 685; J]A3-695:E. (9E,
699A,698-, Ypan.375, 3771 MXA1.M3.4 5;
JWiA3*677 iti il MtoxttiixaiiKtiW

13 14 15
A14-93 rA3.13; M31433, 24 Wr13 I4qa(lKa?: i Mocicpntii.4l2*. r*Ai .24

M3MA 412; 13A3.2101 clcwrnap, BA3.2 101 )1(uiryput
AH-l98 31,1311-1, 114 it zapyrite 31'IJI-11I1r, 114 it L1pyrHC nepawii.~iti-

Reproduced from

best available COPY.

Key: 1. Brand of gasoline; 2. Brand of engine;
3. Brand of basic models of automobiles; 4. A-66;
5. MZMA-401; GAZ-20; GAZ-51, 52-01; ZIL-102, 164A,
15 7K; Ural-353A; 6. "Moskvich-401"; GAZ-20 "Pobeda"l;
GAZ'ý51, 51A; 52-03, 63, 63A, 9393A, 51P, 63P', 631);
PAF-251; PAZ-651, 651A, 744; KAVZ-651, 651A; KAZ-600,
606, 606A (Kolkhida); ZIL-iSO, 151, 157, 157K, 164,
164A, 585, 585L, 585M, 158, 158A; ZIL-MMZ-164A,
164AN; 585V; Ural-355M and their modifications;
7. A-72; 8. MeMZ-966; MIIZA-407; GAZ-21A, 652,
51F, 69; ZIL-158V; UAZ-450, 451; 9. GAZ-965,
965A ("Zaporozhets"l); GAZ-21 "Volga", GAZ-12
(ZIM) ; "M1oskvich-4021", 403, 407; RAF-977D); PAZ-652;
ZIL-158V; ErAZ-762; GAZ-53F, 69, 69A; LAZ-695, 697;
UAZ-69, 69A, 450, 450D, 451, 452, 452D and their
modifications; 10. A-76; 11. MeMZ-968; MM1A-408;
ZIL-ilO, 130, 375, GAZ-53; 12. ZAZ-966, 968
("Zaporozhets"); "Moskvich-408"; ZIL-11O; GAZ-53,
53A, 53B, 66, 66A; PAZ-672; ZIL-130, 131, 130VI;
KAVZ-608, 3100, 685; LAZ-695E, 697E, 699A, 698;
Ural-375, 377; ZIL-NMZ-555; LiAZ-677NN modifications;

-392-



Key for Table 184, con't: 13. AI-93; 14. GAZ-13; ZMZ-13,
24, MZMA-412; VAZ-2101; 15. GAZ-13 "Chaika"t ; "Moskvich-412",
GAZ-24 "Volga", VAZ-2101 "Zhiguli"; 16. AI-98; 17. ZIL-41I,
114 and other proposed engines; 18. ZIL-IlIg, 114 and other
proposed automobiles.
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§ 2. Diesel Fuels

Composition of Diesel Fuels

For tractor high speed diesel engines (more than 1000 rpm 6f the
crankshaft) there are produced:

low-sulfur fuel with a total sulfur content not more than 0.2%
obtained from kerosene, gas oil and solar oil distillates of direct
distillation, mainly from Caucasian petroleum (GOST 4749-49);

sulfur fuels with a total sulfur content of more than 0.2% obtained
from these same distillates by direct distillation of petroleum of
eastern and other deposits (Bashkir ASSR, Tatar ASSR, Kuibyshev region
and so forth) with an additive when necessary of not more than 20%
catalytic gas oil and 1% isopropylinitrate as an additive for improving
imflammability (GOST 305-62).

Group composition of diesel fuels is limited to basic alkannic and
cyclannic hydrocarbons; unsaturated hydrocarbons are practically absent,
and aromatic are added in insignificant quantities.

Assortment of Fuels for High Speed Diesel Engines

Diesel fuels are marked b,? numbers which characterize the seasonal
conditions of their use (Table 185):

A is arctic fuel, recommended for use in diesel automobiles at
temperatures of the air lower than -30OC;

Z is winter fuel designed for use at temperatures from 0 to -30OC;

L is summer fuel.

In the trademark of low-sulfur diesel fuels the letter D (DA, DZ and
so forth) is used.

In the period from the first of May to the first of October it is
permissible to deliver summer diesel fuel with traces of water to the consumer.

Diesel fu~ls are intended for high speed diesel engines YAZ-204, YAZ-206,
YANZ-236, YAJIZ-238, YAMZ-240, D-12 and their modifications. In the
central climatic zone of the country in the sumler they use fuel DL and L
and in 'the winter DZ and Z. In the southern regions in all seasons they
use DL or L, in regions of the artic circle in winter, DA and A, and in
suwmer DZ and Z.

When the proper btnd of fuel is not available it is possible to use

substitutes: kerosene or its additives with diesel fuels of other
brands. The quantitative content of the substitute is determined by the
necessity to correct the main, limiting fact--- the temperature at which
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the fuel congeals. Let us assume than 23% kerosene decreases the
congealing temperature of the fuel by 8-100C. Quality indicators of the
mixture excluding viscosity, are additives and they change proportionally
1to the initial product (see correction of qualities of gasolines).

The viscosity of the fuel mixture can be considered according to a
logarithmic diagram of an analagous calculation of the viscosity of the
oil mixture (see Chapter XIII).

The use of a substitute must be limited, because during operation
with a substitute, as a rule, the engine has to work harder and wear and
tear is increased of precision parts on the fuel equipment.

An evaluation of operational properties of diesel fuels is presented
in Table 186.
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TABLE 185. FUEL FOR DIESEL ENGINES

')i2 r 4749-40 I rOCT 303-62
nOM01 IA

j3 JA 1U Jl7

10 LTallollne ,inclilo, lie MeONe 40 40 45 45 45 45
c IOpaialW1liIIi coclan:

10!4 n•pro'mseacn z;pi TeMne- 200 200 -- -"

paType, 0C, lie Ihl~e
13 50% neperOuletTCH rPip TOMne- 255 275 290 240 250 280

SpnrType, 0C, Ile UlItfe
14 90% neperonfelcst HIMn TeMne- 300 335 350 - - -

paType, (C, nIe rntiwe
15 96% neperolrntTC5I npli Temnt- 3-0 -- 30 340 360

paTypC, *C, lie 1uiil e 17
16 B1n31oc', I(,Ille:,m Ti'lieCaXU npu 2,5- 3,5- 3,5- Ie mence 1,8- 2,8-

20" C, cciIt 4,0 6,0 8,0 1,5 3,2 G,O

18 l(nc.n,:,ioctb, me K011 ,a 100 .A 5 5 5 5 5 5
"TO11:iiIII11, Hei 60"Cec

19 H..,, 'n,, e 6O.C. 0,01 0,02 0,02 0,01 0,01 0,Ui

2, "i c•leNP -'pa ncmlii,,l.l., *C (nim- 35 50 GO 30 35 40
t0i) C X1HI TWIM Till'JIM), 1ie IIII;KV

21 Te.CMIepnTypa, 'C, lHe 1114UiC

22 i'yOMYTIiMln -- -.35 -5 - -25 -5
3 IiCT•iJfnlIitli -60 -415 -. M --.i5 --35 -10

nj!06l,1~ 1. Cila em ylO I1.-1CTllllly 25 13hl]|e;l)ll;x lljnl

26 I10(101:ICT1nPi i.i0e iiC.'Oti.l II 11%-2,1;,II. iiOia,, .mexamllll c mlll llpll"ime,.ll 27 (4c Y l10 "N"Gr

28 ro.ivpcamile cepu, ut, ii nm:we' 0, I 0) (l I. 04 06 I.
29 !,mnoe ,,c:o, ? iiun.a W') 1f::t ,- -- - 6 6 8

•+"3 10HIM 111.1,Ilie Ar.m e e

S30 co-wil m 1.-,.., 5.5 5,5 7,5

Reproduced from
best available copy.

Key: 1. Indicator; 2. Low-sulfur, GOST 4749-49;

3. DA; 4. DZ; 5. DL; 6. Sulfur, GOST 305-62;
7. A; 8. Z; 9. L. 10. Cetane rating, not

less than; II. Fractional composition: 12. 10%

distillation at temperature °C, not below; 13.

50% distillation at temperature, , not higher than;

14. 90% distillation at temperature, °C, not higher
than; 15. 96% evaporates at temperature, °C, not

than; 16. Kinematic viscosity at 200C,

17. Not less than; 18. Acidity, mgKOH for 100

mý of fuel, not more than; 19. Ash content, %,

not more than; 20. Flash point, 0C (instrument in

a cloned crucible), not lower than; 21. Temperature,
°C, not higher chan: 22. Cloudiness; 23. Congealing;

24. Test on a copper plate; 25. Passed; 26. Water

soluble acids and alkalis, water, mechanical mixture;

27. Absent; 28. Content of sulfur, /,, not more

than; 29. Iodine number, grams of iodine per 100

grams of fuel, not more than; 30. (That is, the

content of unsaturated carbons, %, not more than).
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TABLE 186. EVALUATION OF OPERATIONAL PROPERTIES
OF DIESEL FUELS
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Table 186, can't.

14 -1 1 17
CMCCC06p030- 1153n0vwmt npii f ~loiminitwa:i~ imm:Iocil y.%yA* I'.13C5aiiinm

OnIHbfii cocTaa vCJeC H iinionomioy clopallinlo, III= K~epociliI
JlbhiMJiCillllO 11 o6PM13oilanln OT40- 11.7111 BPKT11'41
)i(Clnhi I) AmiC)TI~0CC (13 TONI 'IinC. KMIN 10114111
.IC jIa rononiw +l0a)cyi;KI). 1l0. 1 leoftxo~im"iiii
lIIiIflWHIM Dfl~l3HOCibj i3ICT K IClO21 COCT311 1103C4i
TICH3I1i1IO (lIOI)Yii0iC, 118l)YiiiVillIIIO TIJiIMCTCA
A0311POOKII TOiiziiino1 H YBcnlqC. Tj)c6yCMO.My It
11:110 113110COB Tofinim~ioro litco iCA3atCJIIo D3f31C
ca oblcoi(oro gannjinisiH. YTHIiCC. Ti no Antarlia

Toflnitua obI3bloaCT neAOiicnape Pa 3aBA~cIMC K
line n lia-mepe crapannn, nenoji* pocnnom ohm(
woe cropanne n, nainimne upemwuiuio o611e

"IOCT (IPpaHKI~II
Ziif Cacras, i

cnimaer lieTr;
18 19 20 10OC1.0 1 11C.10

Bocnjiamieie. LITeRaOBOC Hl13I~OC itC'TallO1OC 11i1C.11 ToII-21 O~nrcyAnip'O.
Hi~e H4 cropaiine 'mvCo 4111133 nIMIaiba1CT ;,i(OCj(YIO P-160- Part, 113411A

Ty aiiiramcii. LITeranonoC 1111C.110 013PIACIM TORAHfl
jRoximo 6wii, noIln mo.-0-45 CA. Ba Ila 6o0ie
IlCTOtionoe 'iiCJio 13iuiW CO-70) 1103AIiCe

CA. iIIAC'ICT nenlonnioC cropaimie
22 23 Tonjiunif 11 AbiWICIIIC0 AmiIraTCARC 25

061133o110ii11 Cohcpwaime24 Ctojincim-~ BOwULcrui, no.11io Ile AoRyciMar
OTJIO)HCti~lil 11118- 4CUlia-im eetwx cibto lie cropasi, seCtyl I( 06p)0 2.11T.hiIill~fl pa
rapa CMOAi, 80OMliO~, 30OaliuilC OTJ1O)KCII~lIf I xaimepe 6oiw xuiiirarce

iI~pamunomnsigb cropni' A, =.i01(cuaomianio ro. l 110 ilOiliCiI1lb)
COMTB JIowiK q)opcyiliCf o00oporax I(OjCH

tiaoro D3Jam 1i

Reproduced fromn 301 ClIM31Cllifl
best available copy. h i2111 ~i~lCimC Ii yxyAme.C

26 27 28 Imnns29
1(optno.,Iln P0'. m''~:~~, 3k11ciiliCJ10ii,ll,10 f10flMTC.1hI ii" III (rpIu:In'Inrb

oraaAC~ riAnmP~in cepa, iiOJLOP3C- AOJIIiIJi llI.IM),iili, 3:1 HCHM1t,101i 11 iiibO0Ile
TliOI)IASLC ICIIC- 1101MI =111.Z-1lpTOn. OC06QI'IHo 1011i.4lI11a C nOI(0.
JI0TLI H uixemoli, olIOcuo not~4'immenioLe coAtep)ICO ýMMIATJI~i HcOP-

lCOPPO3iiiO lIIIJIlIllApOD, Oi~iiiagbI. fibIXoAIIlI,%iIl 30
tueli flohwIIitoinva it tuxcci anaw flhleaCmI iZ0pm

Ro31 32 CiallmFwp1110
ii311OCL4 Ann-i COACpHannol He i.-znycxaCTCI, 13 onainne 30cmuv

C0TCARl MCXOIn'leCCMIX ril)):c YTCCDnile\IVXa II IVICCjclIX lijili. I 0i:.hIo 110 II j~l~liv
ripumIcert it co0. hicccil it collu ~ rjpOnI5Ti WnPv3
ALu ClICulloJ311bnyll

THOIlb Hll 33-

33 COCTOSIIIIICN
(IMiAbTpon rpy.
60al it ronixofl
O'flICrKlI Tonu11Ina

247

-398-



Key for Tab'r 186: 1. Rating indicators; 2. According to

such indicators, quality of the fuel being evaluated; 3. Criteria
of evaluation; 4. Recommendations for improvement of operation
when there are unsatisfactory quality indicators; 5. Supply
of fuel from the fuel tank to the engine; 6. Content of the
mechanical mixture and water; temperature of turbidity" and

congealing of fuels; 7. Mechanical mixtures and water can
cause rusting in a supply system of the fuel, of fine cleaning
filters and result in engine failure; they must not occur in
the fuel. 8. Let the fuel settle: in summer--- 5 days and

nights, in winter--- 10 days and night. To filter during
servicing through the filter with special cloth. To use a
mixture of fuel with kerosene. 9. Starting quality of the
fuel (starting a cold engine without previous warming with
revolutions of the crankshaft from a speed of 100 rpm);

10. Cetane rating; 11. Temperature of the air higher than
which it is impossible to start the cold engine: tair = 1.5 X

(1000 - R + 8), where TSCH is the cetane rating of the
TSCH-5 comp

fuel; Rcomp is the pressure of engine compression equal to
35-40 kg (force)/cmZ; 12. Warm the engine before starting
(starting warmers, hot water, steam, electrical and gas
warmers). Use starting liquid (Table 188); 13. The
length of time of starting is given in Table 187. The cetane
rating is approximately calculated as: TSCH P -5-6

where .6' ts 4 'tp 6 .0

15 3

e 15 is the density of the fuel at 15 0 C, kg/m 3 . The error in
TSCH can be + 2-3 units; 14. Carburetion; 15. Viscosity
at 20 0 C, fractional composition; 16. Increased viscosity
makes dispersion of the fuel worse, leads to incomplete
combustion, smoking and the formation of deposits in the
engine (including the force pump heads). Lower viscosity
causes leaking in the force pump, obstruction in the amount
of fuel-and an increase in wear of the fuel pump under higher

pressure. Heavy fractional composition causce insufficient
evaporation in the combustion chamber, incomplete combustion
and smoking; 17. Thin the diesel fuel with kerosene or
arctic fuel. A necessary composition is considered to be
[words missing here] the required indicator of viscosity

according to diagram (see chapter XIII). Thinning with kerosene

simultaneously causes fractional composition and decreases
cetane rating; 18. Inflammability and combustion; 19. Cetane

rating; 20. Low cetane rating of fuel causes hard engine

operation. The cetane rating must be not lower than 40-45

units. A cetane rating higher than 60-70 units tends to

cause incomplete combustion of the fuel and smoking of the

engine. Regulate the start of injection of fuel later.

[part illegible here]; 22. Formation of deposits and

scale; 23. Content of actual resins, viscosity, fractional

composition; 24. Resinous substances, not having burned
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Key for Table 186, con't: fully, cause the formation of
deposits in the combusion chamber, clogging the force pump
head; 25. Did not permit lengthy operation of the engine at
decreased rotations of the crankshaft because of the decrease
in pressure of injection and worsened dispersion. 26.
Corrosion of engine parts; 27. Acidity, sulfur, water
soluble acids and alkalis, water; 28. The indicators
enumerated must not be permitted in the limits of the
uorm standards. A higher sulfur content is especially
dangerous, involving strong corrosion of cylinders,
bearing bushes and shaft collars; 29. To limit the use
of fuel with indicators of corrosion exceeding standard
limits; 30. Engine wear; 31. Content of mechanical
mixtures and water; 32. The presence of mechanical
mixtures and water are not permitted in fuel; 33.
Let the fuel settle and filter it through special cloth to
correct this. Follow this with coarse and fine filtering
of the fuel.

TABLE 187. MINIMAL LENGTH OF TIME OF CONTINUOUS PULLING
OF THE CRANKSHAFT OF DIESEL ENGINES DURING

STARTING, SECONDS

1 2 TemnepaTypH o0 YX8 h 1 2 1 CAW,,ef.rypn vO3A- o
LieTa iosoe (M.Uc•arn•o(oe _______ ,

moMI S +6 0 -6 -10 'dUCAO TOnJuseI 4f5 0 6 1

410 0 40 -50 3 .' 15 ;0
0 10 0 4055 2. 3 1O .10

45 5 10 20 - 60 2 2 8 .5

Key: 1. Cetane rating of the fuel; 2. Temperature
of the air (engine), 0C.
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TABLE 188. STARTING LIQUIDS

1 I.-IN~ £p6trPS-. 3 AA ItUI MIN awcr~ u stnhraTeJV

flogcaaateur, , roCT
iA)*HXKocTb 4. ,p H AMSI ' 6 (ccn\.h

7 CocTan, % (no necy):
SA113TuIoIri 41np 45--60 100 65 98
ra3onbirl (6Ie31Hi (neTpo. 35-55 - 20 -

.jwle ir s,, ifl, p)
10 nepeC.0IIIoe :acno -- - 12
11 111onpon1.111mHpaT 1-5 - -
12 iimrii nep[KllCli, aibAcrAM w ,o 10 03
13 nllorilUOll311Ociian H 111)0- N 2,0 -

-Ii1io3aiipiag nl)HCiA-
Nil

14 OlITIIOHIIcIII~elbllOR lpII I 0,5 0,2 0,2
ccaAica

15 KO.111lOunmII rpa¢nil 18 - 18- 18 - 181,8
16 Ah11l1iM.Mbanli TMFInepaTypa Mililyc Aillivc Miinyc 40 Abillyc 4A

iianlemioro nycKa 603 nO.[O. ,0-35 304--5
rpena. °C 20 21 22

17 Cnocuo opiI.:iiewig BnpIMICK 1o 1loita,111 5-8 BnplIAcK no Bnpi.;c:7 I>;19 lilyclilioi rl ~ a IM CInD yelfloll I+,LH py "-1
Spyiopono1 l D rWcIs;IY ly T•, y )onoDo0o13 pa111s1 npit
npllI .'IO,1O1all rpy~y np1p 111)11DO Al It...u, Al'uu.411 "'0.

rip;iedoco6. C111TOM B03- ipllclnoco)- U nInwfL4 itt
J10INII A~YXOoI IICTII- .ACIIIIH 1 npllcnoc(6

5113.40 ;IJuI TCIC It1 MO. 5][fl140 4• l IIi i Jin
611n.40 MeCl" npouo- 6nfl340

pa'isiliaiing
a381111a iwira

El Reproduced from 0

.bes1 available Copy.

Key: 1. Indicators; 2. For carburetor engines.
Liquid "Arctic"; 3. For diesel engines; 4. Di-
ethyl ester; 5. Liquid NAHI; 6. Compound
"Spray" (USA) ; 7. Composition, % (by weight);
8. Diethylester; 9. Gaseous benzine (petroleum
ether); 10. Axle grease; 11. Isopropylinitrate;
12. Or peroxides, aldehydes; 13. Anti-wear and
anti-scratch additives; 14. Anti-oxidizing
additive; 15. Colloidal graphite; 16. Minimal
temperature for dependable starting without pre -
warming, OC; 17. Method of use; 18. Minus;
19. Injection in the intake fuel supply using
adaptor 5PP-40 or 6PP-40; 20. Putting 5-8
drops in the air pipes by removing the air filter
at the moment of pull of the engine shaft;
21. Injection into the intake supply system uring
adaptor 5PP-40 or 6PP-40; 22. Injection into
the combustion chamber using a 3pecial adaptor.
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CHAPTER XIII. LUBRICATING OILS AND LUBRICATING GREASES

b, 1. General Properties of Lubricating Oils

Lubricating oils (Table 189) come as products obtained from petroleum
and consist of hydrocarbDns of various groups.

Standard quality indicators of lubricants' follow.

Viscosity is a basic indicator of quality of lubricating oils which
affects the formation of liquid friction. Viscosity of friction at the
operating temperature of the unit must have an optimal value. Increased
viscosity leads to an increase in resistance of movement of the working
pair.

A decrease in viscosity below the acceptable limit causes a breakdown
in ae size of the minimal gap, necessary for the existence of liquid
friction and leads to semi-fluid, semi-dry and dry friction.

Viscosity can be divided into absolute and conditional. Absolute
viscosity can be dynamic (1), determined according to COST 1929-51 and
expressed in poises (1 poise = 100 centipoises) with a scale of g/cm . sec
(in an SI system--- N • s/m2 ), or kinematic ( V ), determined accorving
to COST 33-66 and expressed in stokes (1 stoke = 100 centistokes) with a
scale cm2 /sec (in an SI system--- m2 /s). Kinematic viscosity II

Pt

where Atis the dynamic viscosity of oil at temperature t;
ptis the density of oil at such a temperature.

Kinematic viscosity is a basic indicator of viscosity. Dynamic
viscosity is usually determined at low temperatures when the viscosity of
oil is exceedingly large for determining kinematic viscosity.

Conditional viscosity in the USSR is expressed in conditional degrees

OVU, equal to the ratio of the time of flow of 200 mL of oil from the

opening of the instrument to the time of flow of such a quantity of water
at 200C. Conditional viscosity is determined according to GOST 6258-52.

For calculating conditional viscosity kinematically and the reverse
one can use conversion tables and simplified formulas:

*BY=0.135 v, or 'vi 7,4' BYI.

Viscosity-temperature properties are characterized by a change in
viscosity of oil when changing the temperature. With an increase in
temperature, viscosity of oil decreases and the reverse. The less the
viscosity of the oil changes with the change in temperature the better
the oil is and the better are its starting properties. Indicators of
viscosity-temperature properties are the ratio of kinematic viscosity at
50 0 C to the viscosity at 100 0C (the lower this indicator, the higher the
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viscosity-temperature properties) and the index of viscosity. An
evaluation according to the index of viscosity is based on a comparison
of viscosity-temperature properties of the oil being tested with viscosity-
temperature properties of 2 ethalon oils. The higher the viscosity
index, the better the viscosity-temperature properties of the oil.

By knowing the viscosity of the oil tested at temperature 100 and 500C
according to the nomogram (Figure 5) one can find its index of viscosity.

/ The temperature of congealing is the conditional temperature at which
the oil loses its fluidity and takes on a jelly-like appearance. It is
determined (GOST 1533-42) accordt-Lg to the mobility of the meniscus of the
oil whih is cooled in a tezt tube at a slant of 450.

Acidity rating is determined analagously to the acidity of the fuel
and is expressed in miligrams KOH, required for neutralizing the acidity
in I gram of oil.

The ash content is determined according to GOST 1461-59 and is
expressed in per cent. This indicator characterizes, in oil with additives,
the quantity of additives and in oils without additives--- the quantity of
the mixture not burned.

The content of barium, calcium, zinc and phosphorus is characterized
by the presence of active additive which contains such metals.

Corrosion is determined according to GOST 5162-49 or according to
GOST 8245-56; it characterizes the potential corrosion of the oil. It is
evaluated according to the loss of weight of lead plates brand SI or S2,
which are in contact with the oil being tested under test conditions and
refer to their surfaces (g/m 2 ). The larger this indicator the more inclined
the oil is to have a corrosive effect on the metal of the engine during
operation.

"Washing" properties are determined according to a method of PZV
(GOST 5726-53), and characterize the tendency of the oils to form varnish
like deposits on the walls of the pistons and cause burning 1 the piston
rings. It is expressed in points: the higher the points, ti,,. poorer
the oil.

The flash point is determined for oil in tests with covered or open
crucibles (GOST 6356-52 and 4333-48). It is characterized by the presence
in oils of highly volatile fractions.
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TABLE 189. GENERAL PROPERTIES OF LUBRICATING OILS

1 ~2 Marna______
£1oKaI3aTC,'U4 :,.oAjxi' I cpJUII•U3s4IIU ] IJMOK•CDBJ3Knv1

________________ o.•:•-[ , a, • cn ,, 0,:,o..? ,°=O-•3o c
--- 4W j4'-h-10cnV0 -0-0c

6 Z.Mceiirapiw•it cocMaB, % (aeca):
.7 C 85,6-860,0 85,6-86,2 86,0-86,8

11 14,0-14,4 13,8-14,4 13,2--14,0
- oqeKynspian Macca 260-330 350-430 450-650

ie•yrn 1,o 20C. CKZ/.I1 3  M8-900 890-915 9,-935

1 TcmwiepaTypa neperommI, 0C 370+410 410+480 12 13biwe 480
13 fnM-PX11oCTlioe IaTMfKC1111C 113

rpanmte MaC1O - ,03Oyx, aui/cAlM)
14 tpi' 201 C 31,0-32,0 32,2-32,8 33,3-33,5
15 n uIo0 C -- 28,1-28,6 28,7-29,3S16 TennoM•KOCTb, XK0AlKZ-ZpU01

17 ITPu 0' C 0,430 0.400 -
18 1 50' C 0,480 0,470 0,476

)a0000 0,500 0,501 0,503
150" C 0,580 0,522 0,524
MY 200¢ C 0,620 0,540

H ' Teionpononiocib,KX_24IAa f ,*. e/toi
23 11p11 2.-) .C 0,105-0,120

24 W000 C 0,160-0,180
TC "toTa ,,cnape,,i, KxaA/:.ca 47-51 I 40-47 f Mhie, 40
6 :)JCK tpI'qeCXi1e CoOICTDO 063-

coeo?~lmoro hfacJna,
27 913.CeKIpIMecCanS nocrorT91aH 2,2-2,5
28 yCJebmlOe ofil~etiioe w:ici•pli,

qcc, onpon• neOI llele, O.1c.11 1012--1015
29 Tairelc 'yri:a IIDAMKTpII'ICCKIUX 0,005--0,01

30 noi•ep,
30 WnKT'piecPUan UpO'0incr, J0-25

O /IA M ( 1p1 1 5 t ' If)

Key: 1. Indicators; 2. Oil; 3. Low viscosity Vl0 0 =
3-4 mm2 /s; 4. Average-viscosity vl 00 = 8-10 Mr"/s. 5. High-
viscosity v1 0 0 = 20-30 ccm; 6. Content of elements, %
(weight). 7. C; 8. H. 9. Molecular mass; 10. Density1

at 200C, kg/mr; 11. Temperature of evaporation, 0C;
12. Higher than; 13. Surface tension on the boundaries
of the oil--- air, dynes/cm: 14. At 2000; 15. At 100oC;
16. Heat capacity, kcal/kg • degreer; 17. At 0oC;
18. At 500C; 19. At 1000C; 20. At 1500C; 21. At 200°C;
22. Heat conductivity, kcal/m , hrs • degrees: 23. At
25°C; 24. At 1000C; 25. Heat of evaporation, kcal/kg;
26. Electrical properties of dehydrating oil: dielectric
constant; 28. Spn-ific volume of electrical resistance,
ohm • cm; 29. Tangent of angle of dielectric loss;
30. Dielectric strength, kV/mm (at 50 hertz).

1. A change it. density of the oil at temperatures
refers to Table 181. A measurement of the density of the
oil by hydrometer (densimeter) is difficult because of the
high viscosity, it is thinned with an equal volume of
kerosene of a known density. toil = 2 Pmixture - 1kerosene"
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2 Ku~eMn6uIsc~R t,:ocmb P' 1001C, Cc/

Figure 5. Nomogram for determining the index
of viscosity of.oil.: 1. Kinematic viscosity
at 50 0 C, mmY/s; 2. Kinemtic viscosity at 100 0 C,

iia• 2 /s; 3. Index of viscosity.
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Figure 6. Logarithmic graph for calculating
viscosity of oil at various temperatures:
1.. inematic viscosity,mm2 /s; 2. Temperature

of oil, 00.

2. Assortment of Lubricating Oils

Lubricating oils are classified by oils for engines, transmission
oil, industrial, compression and others.
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Lubricating Oils for Engines

Depending on the method of production of lubricating oils for engines
they are divided into distillate obtained by a vacuum distillation of
directly distilled mazut; residual obtained by direct refining of mazuts
or semi-crude residues of petroleum refining; mixed (compound) consisting
of distillate and residual oils; thickened obtained by thickening of low-
viscosity distillate oils by viscous additives (polyisobutylenevinylpol,
poly-acrylates and so forth). According to the intended use of the oil
they are divided into oil for carburetor engines (lubricating oil),
diesel and aviation.

The basis of modern lubricating oils for engines consists of well
cleaned base oil of one or another viscosity, the quality of which is
improved with various additives (pour -point depressants, anti-oxidation,
anti-corrosion, "washing" and so forth) added in quantities of 3-J.5%.

The group hydrocarbon compound of base oils:

Cyclane. . . . . . . . . . . . .... . 75-80%
Aromatic . . . . . . . . . . . ..... 10-15%
Cyclane-aromatic . ........... 5-15%
Alkannic and unsaturated ........... ... Practically nonexistent

Besides this, in oils there are sulfurs, acids and resin-asphalt
products of hydrocarbons,

Brands of oils for engines are the following.

Old brands
A--- automotive oil- (lubricating);
D--- diesel oil;
M--- aviation oil;
K or S--- acid or select method of cleaning;
Z--- thickened oil;
p--- presence of multi-functional additives;
number--- average viscosity of the oil at 100°C, mm2/s.

New brands are p,:esented in Table 191.

Automotive oils (lubricating) are obtained from low-sulfur (COST
1862-63) and sulfur (GOST 10541-63) petroleums. Quality indicators of
the lub'icants are presented in Table 192.

ASp-6, ASp-10 and AKp-10 are distillate oils from low-sulfur
petroleum with additives of 5% Az NII8u or 10% SK-3, or 10% SB-3.

AMZp-6 and AKZp-10 are oils of low-viscosity distillated, thickened
with polyisobutylene with an addition of 5% additive AzNII-8u.

AK-15 is a distillate oil without additives.
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ASZp-10 is a thickened oil of select refining with 3.5% additive
SB-3 + 2.5% DF-ll + 1% AzNII-TSIATIM-l + 0.002% PMS-200A.

AS-6 is a distillate oil with 3.5% additive VNIINP-360 + 1% AzNII-TSIATIM-l.
AS-8 and AS-10 are mixed oils with the same additives. Oil AS-8 can
contain any of the additives: 3.5% DF-I or 3.0% SB-3 + 2% DF-11 + 1%
AzNII-TSIATIM-I.

Diesel oils. As a result of higher specific-loads on working pairs
and increased heat procedures on the operation of diesel engines, diesel
oils have in comparison with lubricating oils somewhat greater viscosity
and increased anti-oxidizing, anti-corrosion and washing properties (Table
193).

Diesel oils are obtained from low-sulfur (GOST 5304-54) and sulfur
(8581-63) petroleum.

Dp-8, Dp-ll and Dp-14 are distillate or mixed oils with 3% additives
of TSIATIM-339 and 0.5% pour-point depressant AzNII or 3% additive AzNII
TSIATIM-I. D-11 is an oil without additives.

DS-8 and DS-11 are mixed oils with additives: 3% TSIATIM-339 + 2%

AFB + 1% AzNII-TSIATIM-I or 5% TSIATIM-339 + 1% AzNII-TSIATIM-I or
6% VNIINP-360 + 1% AzNII-TSIATIM-I.

Oil DS-8 (M8V) is supplied with a composition additive: 5% VNIINP-370
+ 2% PmS + 0.5,% LZ..23k + 0.005% PMS-200A + 1% V-167.

lT-16p is a residual oil with 3-4% additive TSIATIII-339 + 0.8% AzNII-
TSIATIM-I. MT-14p is oil thickened with polyisobutylene with additive
AzNII-TSIATIM-l.

The recommended intended use of lubricating and diesel oils is shown
in Table 194, and the method of evaluation of the operating properties of
lubricating oils for engines is in Table 195.

Aviation oils are residual oils obtained from semi-crude residues of
the best petroleums with the help of acid-contact or select refining.
Quality indicators of aviation oils are presented in Table 190. The oils
are intended for piston aviation engines but are also used in automobiles.
When there is an addition to the oil of NS-20 additive: 11% VNIINP-370 +
4% PN1ya + 1.2% DF-11 + 0.005% PMS-200A one obtains an oil for forced
diesel engines (oil tt0G).

Correction of Quality of Lubricating Oils

Under conditions of automotive industries the possibility of correcting
the quality of lubricating oils is limited. Basically it is settling and
filtering oils to remove water and mechanical mixtures.

Correcting the viscosity of oils (increasing or decreasing the
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viscosity) is done by mixing with the oil a type with another viscosity,
for example, Dp-8 and Dp-l1, AS-6 and AS-10 and so forth. Calculating the
ratio of the components is done according to a logarithmic graph (Figure
7). Along the ordinal axes one lays the value of viscosity taken for
the mixture of the oils and coordinates these points in a straight line.
From the points corresponding to the viscosity of the combined mixture
one draws a horizonpal straight line up to its intersection with the first
straight line and from these points of intersection drops a perpendicular
to the axes of the abscissa by which one obtains the content of high-
viscous oil in per cents according to volume.

Other indicators of quality of oil are additives sizes and their
value in the mixture will be proportional in relationship to the initial
components.

Transmission Oils

Transmission oils operate in conditions of high specific load on
working pairs as a result of which they must have good lubricating qualities
(oiliness) and anti-scratch qualities. Usually this is attained by adding
special additives. Besides special transmission oils, for lubricating
power transmissions of automobiles, high-viscous oils are sometimes used
for engines.

Transmission oils are divided into oil for mechanical transmissions
(Table 196) and oil for hydro-mechanical transmissions (Table 197).
Operating conditions of the latter are more rigid: they are subjected to
heat up to 130-150°C and must therefore possess adequate chemical
resistance.

Tractor transmission oil (nigrol [a heavy unpurified lubricating oil])
is a high-viscous non-refined semi-crude product which contains resinous-
asphalt substances which improve its lubricating properties.

A basic inadequacy of nigrol is its poor low-temperature properties,
which cause significant loss of power due to friction and difficult
starting of the engine, and also low anti-abrasion properties because of
the absence of special additives.

Winter nigrol is a mixture of summer with low-viscosity distillate
oil or solar oil. As a result of the additive, winter nigrol has even
poorer anti-abrasion properties.

Transmission automotive oils TAp-10 and TAp-15 are additives to
summer nigrol with low-viscous distillates. For improving lubricating
properties in the mixture 5% sulfur additives EZ-5, OT-l or LZ-6/9 are
introduced.

A distinguishing peculiarity of these oils is low viscosity (2 times

less than nigrol); this condition leads to expenditure of power and friction
in the parts of the transmission and improves starting properties of the

oil.
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Oil TAp-15V is a variation of oil TAp-15 with more effective anti-
scratching additive OT-1I or OT-1 in a quantity of 6-7%.

Oil TS-14-5 is a mixture of residual and distillate oils of phenol
refining from sulfur petroleum with a 5% additive of EFO and 1.5% AzNII-
TSIATIM-I.

Oil for hypoioditic transmissions of light automobiles is a sulfur
mixture of extract after select refining of residual oils (fumigating resin)
and axle distillates with additive 0.5% poor-point depressant AzNII. Oil
for hypoioditic transmissions of heavy duty automobiles is supplied with
an affective additive IUILOREF-40 (2.2%).

Oil for steering mechanisms and transmission gear cases of light
automobiles is very similar to the composition and properties of hypo-
ioditic oil for light automobiles; it contains an additive of sulfur
vegetable oil.

Oil VNIINP-I for hydro-mechanical transmissions of light automobiles
consists of deeply cleaned select refined low-viscosity oil distillates,
thickened with polyisobutylene with an additive of anti-oxidation, anti-
pennone and anti-wear additives. They are used in ZIL-III, GAZ-13
"Chaika", GAZ-21 "Volga" and also in booster steering mechanisms of GAZ-66,
ZIL-130, ZIL-131, ZIL-NMZ-555 and others.

Oil for hydraLlic systems of automobiles are oils whose base have a

viscosity at 50'C zqual to 11-14 ccm, thickened with polyisobutylene with

an addition of a complex of additives: 4% FASK, 2% DF-II, 0.5% polymeth-
acrylate and 0.005% PMS-200A. It comes in two brands: A for hydraulic
transformers and automatic gears and R for hydraulic steering systems.

Oil Nigrol-4 is a mixture of high-viscosity and low-viscosity
components with a pour-point depressant additive.

Transmission oils used are presented in Table 198.

Compressor and Turbine Oils

Compressor oils are used for lubricating cylinders, valves and
gaskets of air and gas compressors of low, average and high pressure;
they serve as a base for aviation oil MK-22, mixed with industrial oils
50 or cylinder II (GOST 1861-54 and GOST 9243-59). Compressor oils
during operation are mixed with hot air which causes the necassity for
their high chemical resistance. Oil K-12 is intended for use for air 1,
2, and 3 stage compressors of low (7-8 kg (force)/cm2 ) and average pressure
(up to 40 kg (force)). Oils K-19 and 1CS-19 are used, for lubricating
multi-stage compressors of high pressure ( up to 700 kg (force)/cm2 ).
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Oil for Various Uses

Transformer oil (see Table 199) is an insulating oil for filling
the transformer which oils switching and other high voltage equipment.
This distillate oil is very deeply cleaned with sulfuric acid, and
thoroughly dehydrated. It comez in two brands: TIp (with an additive)
and TK (without additive).

Axle grease AU (see Table 199) is a low-viscous distillate oil of
low-saturated petroleums; it possesses good viscous-temperature characteristics
and high anti-corrosion properties. It is used as a liquid for various
hydraulic systems, and also for the thinning oil for engines when it
is necessary to decrease viscosity.

Instrument vaseline oil MVP (see Table 199) is a distillate low-
viscosity oil of sulfuric acid refining. It is used mainly for lubricating
"control-measuring instruments which oil hydraulic-pneumatic? systems.

Velosite (see Table 199) is a low-viscous oil for high-speed
mechanisms. It is used for lubricating fast moving parts of mechanisms
which operate at more than 8000 rpm (for example, spindles of buffing
machines, polishing machines and so forth).

-412-



TABLE 190. AVIATION, COYPPESS]ON AND
T"RBINE OILS

Ani.m e 1, , Ko?'m;e(.copu.t
1 2 1013-49 ui 9320-00 7 lOCT 1861-54u w

17101(3aTcrn -

14 v --. I

I• o,,,,.,,, . MK..o 2 KI I•,o ,o K- ' .. I p n~i

12f1,1o0ocxb npH 200 C, 890 895 895 905 . . . .
IU.LAM, He I,,,I

13 B113HOCTb np. 1()0C. 14 20 20 22 11-1417-2117-21
ccm, Pe McHee

14 BFKOCTm nip. 50CC, - - - - - - - 20--23
cci. 0 o npeae~iax

15 OtioweHCe BII3HOcrH, 6,55 7,85 7,6 8,75 - - - -
tie 6onjee

16 HimeKc oI3BOCIoI, .e - - 85 - - - 85 -Menee 4"

17 TeMnepaTypa sacMiUa. -30 -18 -18 -14 - - -15 -15
HIM, 2C. He Ob3WC

18 TesinepaTypa ocniuiwi,
iC, lie MhIICCI

19 3aKpuT01 Tirejb 200 225 250 230 - - - -
20 OI KpbUtblrl - - - - 216 242 270 180

1Kc1o.,ToC 411C11o, me 0,25 0,05 0,05 0,10 0,15 0,10 0,02 0,02So1-I o. lie 60,,io,
22 3oibHocrM, %,96eliejicc 0,003 0,003 0,003 0,004 0,015 0,010 0,005 0.005
23 Koppononnoc1M, el. 2, 60 45 15 2.0 60 5. 10 -2,.e donee i
2 oAlopacTUopMebi b nC- 27 TCy'cToyIOT

25 MexaoIiecwlc npi.lecii, OTcy'rcTsyioT 0, 0070 OTCyTcTJylOI•0, l0,007O Ii
26 Boia OTCyTcTByeT

Key: 1. Indicators; 2. Aviation, COST 1013-49 and
9320-60; 3. PS-14; 4. MS-20; 5. IIS-20S; 6.
NK-22; 7. Compressor, COST 1861-54 and 9243-59;
8. K-12; 9. K-19; 10. KF-19; 11. Turbine
22, COST 32-53; 12. Density at 201C, kg/m 3 , not
higher than; 13. Viscosity at 1000C, mm2 /s, not
less than; 14. Viscosity at 50 0 C, Mm2 /s, in limits;
15. Ratio of viscosity, not more than; 16. Index
of viscosity, not less than; 17. Temperature of
congealing, C, not higher than; 18. Flash point,
0C, not less than: 19. Closed crucible; 20. Open

crucible; 21. Acid number, rmg KOH/g, not more than;
22. Ash content, %, not more than; 23. Corrosion,
g/m2, not more than; 24. Water soluble acids and
alkalis; 25. Mechanical mixtures, %, not more than;
26. Water; 27. Does not exist.
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Figure 7. Logarithmic graph for calculating
viscosity of mixtures of'oils: I. Viscosity
of low-viscous oil, mm2/s; 2. Content of high-
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TABLE 191. NEW CLASSIFICATION OF
LUBRICATING OILS FOR ENGINES

2
a). 0)~

US Cu

o o O.o l

1000,10,
2~ 0-0

0 a,. -.-
0 0

0 w. :3 0.
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to .0. r,0 .

--- 0 C,
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Key for Table 191: 1. Group of oils; 2. Viscosity of oil
at 1000C, mm2 /s and its symbol; 2. Conditions of use of the
oil; 4. Type of engine; 5. Fuel; 6. A; 7. Carburetor,
4-cycle, average-forced; 8. Gasoline; 9. B; 10. Carburetor,
4-cycle, forced or average-forced diesel; 11. Gasoline or
diesel fuel with content of sulfur up to 0.2%; 12. V;
13. Diesel forced; 14. Diesel fuel with content of sulfur
from 0.2-1.07.; 15. G; 16. Diesel high-forced; 17. Ditto;
18. D; 19. Ditto, with small consumption of oil;
20. E; 21. Ship high-forced diesel with lubricating oil;
22. Diesel fuel or petroleum with sulfur content up to 3%.

4
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TABLE 192. OIL FOR CARBURETOR ENGINES (LUBRICATING)

1 2 0C1 IOSG'-63 7%,,

3AoK3a.e6 4 A U 1 AC U-10 1 ACri.( -

___________________ m %o1pton- A3 *26B

25 Bl3XsoCrb npii 10 0C, cciii He bienle 10±0,5 10±0,5 He ~wiic?
6 . 6

27 To me npi; 000, tie 6ojiee 600 1000 1000 1W.(

29 1111,11M DH3.9(OCTII, lie meiee 100 120 120()Y

.30 OrIIOWeIIIIC DFROC'rCA, Ilie 60jiee - -

31 1e.%IIilCirYP3 33CMI133ilfl. 00, -40 -40 -3IJ -3i
tie awume

32 TesineplIrypa BCnbaWlII (oTmpiU 160 160 17u I/1Is/"'Wu
TbIAi Titreub), 0C, tie iiii?

33 3catioMb (C npliCaannfl), 96. Ile 0,35 0,35 0,48 0,35/0,23,0,63

34 Kopposiioiiii0Cm, e/lM2, Ilie 6oieC 20 20 5 20/15/! &
28

35 A1ioioUuiC MUMlT~, 63Arni, Ile Ile Ilophiilpylorcn; - 1,5/1 ,0/( .5
1.114111c IlpliMa pl0

3,0 3,0
36 Coopiwcaitire, %, He maceiC

37 Oapiin, 0,22 0,22 - 0,22/-/.l 37
38 inuninuii - - - -/0,(7, -

39 tia- - --

40 LIC401ac~p
4 1 Conepicaiiie no~opacrnopniu~x 49 ijorlyCKflTC11 i :.i1104

KSIC11OT 11 iue1 n'iel j
42 Mealteli liplpMc~ii /,b Ilie 0,03 0u.) ~ I 0 i.,i

43 oo01W, Iie 6orilee 51 C-TICAM
44 fnAoriioCTI, iipH209 C, Xe/M,3, lie 46 tie liOPMIIPYe-(l1

Goicep
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Table 192, con't.

10 roc'r 18G2-63 18 I-OCT 10541-63

12 ACn.I0 IVA AA,.1O 14AK.IO AC.6 1 20 AC.8 1JAC.I0
16615-- - - 122 3.k~

10±05 10±0.,5 He ,uce fie mech e 8+0,5 10+0,528 15•ec 14-0,

He HOpM1IPyCTCHI npPIMIePHO
3003 1 5(00 I 15000 1000 1QV00 200060 He I opMIIpyCT. 85 85 85

28 cnj p.PMUp1o
50

- - 9,0 - - -
-25 -25 -5 -30 -25 -15

190/200/200 190/200/200 5 223 190 200 200
He 6oiec

0,35/0,23/0,63 0,35/0,23/0,63 0,015 0,45 0,45/0,30/0,50 0,45
46

20/15/28 20/15/28 l-e IIopNI.- 8 8/5/5 8
PYCTCII1,5/1.0/0,5 1.5/1 ,1/0,5 47 To mKe 1,0 "1,0/1,0/0,5 !,0

48
0,22/-/0,37 0,22/-/0,37 OTcypc nycT 0,27 0,27/0,12/0,13 0,27

-/0,07/- -/0,071-- - -

- - 0,02 0,02/-/0,09 0,02
- - , 0,02o 0,026/0,05jo,9 0,026

Ilan peaxulin 3 50 ROI eo'dhas Peaxmwn

0,0L3 0,03 0,012 0,012 0,012

I 890 895 900
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Key for Table :192: 1. Indicators; 2. GOST 1862-63; 3.
AKZp-6; 4. AKZp-1O; 5. M6B; 6. MIOB; 7. MRTU 12N32-
63; 8. ASZp-10; 9. MlOB-AZ; 10. GOST 1862-63; 11.
ASp-6; 12. ASp-10; 13. AKp-10; 14. AK-15; 15. M6B;
16. MIOB; 17. MIOB; 18. GOST 10541-63; 19. AS-6;
20. AS-8; 21. AS-10; 22. M6B; 23. M8B; 24. MIOB;
25. Viscosity at 1000C, mm2 /s; 26. Not less than; 27.
Ditto, at 00C, not more than; 28. Not standardized;
approximately; 29. Index of viscosity, not less than;
30. Ratio of viscosity, not more than; 31. Congealing
temperature, OC, not higher than; 32. Flash point
(closed crucible), 0C, not lower than; 33. Ash content
(with additive), %, not less than; 34. Corrosion, g/m2 ,
not more than; 35. Washing properties, points, not higher
than; 36. Content, %, not less than: 37. Barium;
38. Calcium; 39. Zinc; 40. Phosphorus; 41. Content of
water soluble acids and alkalis; 42. Mechanical mixtura,
%, not more t an; 43. Water, not more than; 44. Density
at 20 0 C, kg/m , not more than; 45. Not more than;
46. Not standardized; 47. Ditto; 48. Absent; 49.
An alkali reaction occurs; 50. Alkali reaction; 51.
Traces.

Annotation. 1. Indicators for oils ASp and AKp with
additives AzNII-8u/SK-3/, SP-3.

2. Indicators for oil AS-8 with additives: VNIINP-360/
DF-l/SP-3 + DF-1I.
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TABLE 193. OILS FOR HIGH SPEED DIESEL ENGINES

2 I OCT 5i304-6.4

floXa3aTC,1H J1,i.8 3- AL-. ;( 11.
A185 7 1 61106_81 M1Z-r,9-

23 B~q31oCmb npH 100 'C, cOM 8-9 10,5-12,5 10,S-i ,.;

24 To xce, npu 01C, tie 6owee - --

26 OT1,0o10iclle 10flK0CTef, tie 6oijee 6 6,5 7,'3

27 W'HJACKC 0fl31OCT11, tie mOIIce - - -

28 TCMnopaTypa 3aaCTUB111111in O'C fie obuie -25 -15 -18

29 U oNuIuxti0 (OTKpumblfl T11- 200 190 200
ren~), 'C, tie tnume

30 Knc1iOT11o qiciio, ,me KOH/a, tie 6ocec 0,1/0,15 0,1/0,2 0113

Hie 6o'lic
31. 3oibnocM, %1, tie muIce 0,25/0, 12 0,25/0,12 0,005

33 KOPPo3111OMno~, 8/M8~. noe 6oniee 13/8 13/8 -

34 MoiouinoC C11OACT01l, NM~I.i 11no 5H 1~M1y0CF;n1Mnj
1.0 1,5 3

36 TcpN1ioo(1CrrJ!1hnAb1l CTa161JAbl0oc3b) MWL 20/17 20/20 -

noe menee1

37 I1io1iiocM npii 20' C. Kelm%, tie oonieo flophilpycOUR

38 Coaepwaiiiie, %, tie mieiieo

39 63pnns

40 i:~n

41 04ocIoa---

42 MUMS 146
43 OO0IOp11CTBI1OPIIMUX 10iC.71i' 11 nItjiA'iofl Ji01MIiCflTCH cJ~aGoz11k~G1nn11f puaitiui

47 Alux,waiiecv'ie npimieou, %, lie 6oniec 0.31 4ý 0101 5
48 I8oiw, lie CIioce cjioai, fOicyr-croy.
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Table 193, con't.

11rocT 851,-6;3 18or OCT (,:),,

6 )1,.' 14 1.2 -8 113 14 AC- 119 A%.,14n 2 M-.0 I,,,,

10 M4rB 1S A-thi 16I811 17 MI0f -21 Mf41 122-116B

13,5-15,5 8±0,5 8±0,5 11±0,5 13,5-14,5 16,017,5

- 1200 1200 2500 1 000 He uoPuOim-
pyercn

7,75 - - - 4,0 7,0

- 83 83 83 --

-10 -25 -25 -15 -43 -25

190 190 190 200 165 200

0,1/0,22 - - - 0,10 0,15

0,25/0,12 0,42/0,8/- (0,7 0,42/0,8/0,45 0,13 0,25

13/8 1,0/8/- 5 10/8/5 10 10H3o IopM,1pyjoTcR;
2 1,0/0,5/- 0,5 1.0/0,5/0,6 35 np2pilepno2 2

25
25/25 -e flop~mpyercH - 25

895 895 905 895

25
0.22/0,45/- He uiopma-i 0.22/0,45/--

pyeTcH

-... .-/-/0,17 - -

-- -- /0,046/-- -/0,046/0,07 -

-10,035/- -/0,035/-444 45 4;6
1It e.noiiaf peaCmm OTcyTcrIvyOr Cja~onItenoq.

II.•r. peam~illml

0.01 0,015 0.0-0 0,015 0,')} 0,01

49 Cneau 45 OrcyrcTmyei
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Key for Table 193: 1. Indicators; 2. GOST 5304-54;
3. Dp-8; 4. Dp-ll; 5. D-l1; 6. Dp-14; 7. M8B;
8. MIOB; 9. MIOB; 10. M14B; 11. GOST 8581-63;
12. DS-8; 13. DS-8; 14. DS-l1; 15. M8B; 16. N8V;
17. MIOB; 18. GOST 6360-58; 19. MT-14p; 20. MT-16p;
21. Ml4B; 22. Ml6V; 23. Viscosity at 1000 C, mm2 /s;
24. Ditto, at 0°C, not more than; 25. Not standardized;
26. Ratio of viscosities, not more than; 27. Index of
viscosity, not less than; 28. Congealing temperature, °C,
not higher than; 29. Flash point (covered crucible), OC,
not lower than; 30. Acid number, mg KOH/g; not more than;
31. Ash content, %7 not less than; 32. Not more than;
33. Corrosion, g/m , not more than; 34. Washing properties,
points, not higher than; 35. Not standardized: approximately;
36. Thermal-oxidizing staýility, minutes, not less than;
37. Density at 200 C, kg/m , not more than; 38. Content,
%, not less than: 39. Barium; 40. Calcium; 41. Phosphorus;
42. Zinc; 43. Water soluble acids and alkalis; 44.
Alkali reaction; 45. Acid; 46. Weak alkali reaction;
47. Mechanical mixtures, %, not more than; 48. Water,
not more than; 49. Traces.

Annotation. 1. For oil MT-14p standard dynamic viscosity
at -300C, not more than 280 poises.

2. For oil MT-16p, flash point is determined in a covered
crucible.

3. Indicators for oil Bp with additives of TSIATIM-339/
AzNII-TSIATIM-1/.

4. Indicators for oil DS-8 and DS-11 with additives:
TSIATIM- (illegible words), MNI IP-22k.
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TABLE 194. RECOMMENDATIONS FOR THE USE OF LUBRICATING
OILS IN AUTOMOBILES

-4 XV01 T 4

C)94 C
Wou O % N CIL

r u

00 01013 11 J

4-) - -

e00-- -e It <.

0 -

o 0' - Q 0 0 OJ

o'o .J4- < , 0m a
in4 c~a C' 4 nD

60"?~ Cýi

cqoo 0 C

.3 - 4

0 00

to- lo-

o0 (Y E-

N ~LO" o t*

u, -0< i) -M(
00to ~V 0) v c',

00c6

-423-c) g



Table 194, con't.
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Key for Table 194: 1. Brands of basic engines; 2. Brands of
basic models of automobiles; 3. Basic oil; 4. Summer;
5. Winter; 6. Substitutes; 7. Summer; 8. Winter;
9. Periodicity-of substitution, thousands of km; 10. Basic
oil; 11. Substitute; 12. Light automobiles; 13. MZMA,
407; MZKA-408; GAZ-12, 20, 21, 21A, ZMZ-21; MeMZ-965, 966;
GAZ-13, 24; MZMA-412; ZIL-IlO, 111, 114; ZMZ-24; 14. "Moskvich-401",
402, 403, 407; "Moskvich-408"; GAZ-12, GAZ-20 "Pobeda", GAZ-21
"Volga"; GAZ-965, 965A, 966V " Zaporozhets"; GAZ-13 "Chaika",
GAZ-24 "Volga"; "Moskvich-412"; ZIL-IlO, 111, 114; 15. AS-IO;
16. AS-6; 17. ASp-10; AS-lO; ASp-l0; 18. ASp-6; AS-6;
ASp-6; 19. All-season AS-8; 20. AS-10; 21. AS-6;
22. DS-il; 23. DS-8; 24. All-season AS-8 with additives
SB-3 + DF-lI; 25. All-season AS-8; All-season AS-8 with
additives VNIINP-360 or DF-l; 26. Buses; 27. GAZ-51A,
51, 51F; ZIL-158; 28. KAVZ-651A; PAZ-651, 651A, 652; PAF-251,
977D; ZIL-158, 158A, 158V; LAZ-695B, 697; 29. AS-10;
30. AS-6; 31. ASp-10 or All-season AKZp-l0; 32. ASp-6;
33. ZIL-130, 375; 34. LAZ-695E, 697V; LiAZ-677, PAZ-672;
KAVZ-3100, 685; 35. All-season AS-8; 36. All-season
AS-lO; 37. Standard trucks; 38. GAZ-51, 51F; KAZ-120;
ZIL-120, 164A; 39. GAZ-51, 51A, 53F, ZIL-150, 164, 164A;
Ural-355, 355M; 40. AS-lO; 41. AS-6; 42. ASp-10;
43. ASp-6; 44. YAZ-451; 45. YAZ-451D; 46. AS-IO;
47. AS-6; 48. ASp-10; 49. ASp-6; 50. GAZ-53; ZMZ-53;
51. GAZ-53A; 52. All-season AS-8; 53. All-season AS-10;
54. ZIL-130; 55. ZIL-130; 56. All-season AS-8;
57. All-season AS-10; 58. YAAZ-204, M204, 206; YAMZ-236,
238; 59. MAZ-200, 500; KrAZ-219, 257; 60. DS-ll;
61. DS-8; 62. Dp-l1. 63. Dp-8; 64. Dump trucks;
65. GAZ-51; ZIL-164A; 65. GAZ-93, 93A; ZIL-585, %TL-MMZ-

585L, 585M; KAZ-600V; 67. AS-10; 68. AS-6; 69. ASp-10;
70. P'Sp-6; 71. ZIL-130; 72. ZIL-MMZ-555. 73. All-
season AS-8; 74. All-season AS-IO; 75. GAZ-53; 76.
GAZ-53B; 77. All-season AS-8; 78. All-season AS-IO;
79. YAAZ-204, 206; YAMZ-236; 80. MAZ-205, 503; KrAZ-222;
256; 81. DS-ll; 82. DS-8; 83. Dp-l1; 84. Dp-8;
85. D-11, 12A; 86. MAZ-525, BeIAZ-530, 540; 87. MK-22,
MS-20, MS-14; 88. All-season NP-16p; 89, Tractors;
90. GAZ-51, ZIL-120, 164A; KAZ-606A; 91. GAZ-51P,
63P, 63D; ZIL-150R; ZIL-MNZ-164N, 164AN, KAZ-606, 606A
"Kolkhida"; 92. AS-bO; 93. AS-6; 94. ASp-10;
95. ASp-6; 96. GAZ-53, ZMZ-53; ZIL-675; 97. GAZ-53P;
KAZ-608; Ural-377S; 98. All-season AS-8; 99. All-season
AS-10; 100. ZIL-130; 101. ZIL-130VI; 1.02. All-beason

AS-8; 103. All-season AS-10; 104. YAAZ-204, 206, YAMZ-
236, 238; 105. MAZ-20OV, 200M, 504; KrAZ-221, 225B, 256;
106. DS-lI; 107. DS-8; 108. Dp-l1; 109. Dp-8;
110. Automobiles designed for rough roads; 111. UAZ-450-,
451, 69; GAZ-51, 69; ZIL-157K; 112. UAZ-450, 450B, 452,
452D, 69, 69A; GAZ-63; ZIL-151, 157, 157K; 113. AS-bO;
114. AS-6; 115. ASp-10; 116. ASp-6; 117. ZMZ-66;
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Key for Table 194, con't: ZIL-130, 375; 118. GAZ-66A,
ZIL-131; Ural 375, 375T, 377; 119. All-season AS-8;
120. All-season AS-10; 121. YAAZ-M206A; 122. MAZ-501,
514, KrAZ-214; 123. DS-11; 124. DS-8; 125. Dp-Il;
126. Dp-8; 127. Ambulances; 128. GAZ-450;
GAZ-21; 129. UAZ-450A, 452AE, 452G, 451A, 451M; GAZ-22,
22D "Volga"; 130. AS-10; 131. AS-6; 132. ASp-10;
133. ASp-6.
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TABLE 195.* EVALUATION OF OPERATIONAL PROPERTIES
OF LUBRICATING OILS FOR ENGINES
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Table 195, con't.
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Key for Table 195: 1. Operating indicators; 2. Which indicators
of quality the oils are evaluated by; 3. Criteria of evaluation;
4. Recommendations for improving operational properties when
there are unsatisfactory quality indicators; 5. Servicing of
the engine; 6. Congealing point; 7. Congealing point of the
oil if possible must be 100 C belo~w the temperature of the
surror nding air; 8. Pre-heating the oil before servicing;
9. Starting property of the lubricating oil; 10. Viscosity
of the oil at 100 and 0°C, index of viscosity, and also the
value of the limit of viscosity of the oil for starting engines,
degree: GAZ-51--- 170-190, GAZ-53--- 140-150, ZIL-120---
90-110, ZIL-130--- 60-70, YAHZ-204, 236--- 70-90, D-12 (B-2)---
60-80; 11. Capability of starting to guarantee crankshaft
minimal necessary speed of rotation when sparting the engine
(for carburetor--- 35-40, and for diesel--- 100-150 rpm).
On the logarithmic graph (Figure 6), which shows the relationship
of viscosity to temperature, there are applied two values of
viscosity (at 100 and 500C or 100 and OOC), they are connected
in a straight line extending them to the minus side of the
temperature to an intersection with a line coming out level with
the limit value of viscosity for a given engine. The
temperature which corresponds to the point of intersection
will be the minimal temperature at which it is still possible
to start a cold engine without pre-heating. 12. Pre-
heat the engine before starting. Thin the oil beforehand in
the crankcase with gasoline B-70 or winter non-ethylated
brands of automobile gasoline (15-20% gasoline). 13. Normal
engine operation; 14. Viscosity of the oil at 1000 C;
15. For guaranteeing the necessary fluidity of friction in
working parts of the engine it is necessary to have the
viscosity of oil at 100 C: carburetor engines: summer---
l01mm2 /s, winter--- 6 mm2 /s, all-seaso4--- 8 mnb2 /s; diesel
engines: summer--- 11 mm2 /s, winter--- 8mm2/s, all-season
for D-12-16 mm2 /s. Permisiible variation on the low side itot
more than 1 mm2 /s; 16.' Increase the viscosity by means of
mixing high-viscosity oils (see below "correcting oils");
17. Varnish deposits in burning of piston rings; 18. Ash
content (content of additives), washing propertiesl 19.
Content of additives which are characteristic of ash content,
which coatain barium, calcium, zinc, phosphorus, must not
be below GOST standards in fresh oil. Washing properties of
oil must be: for average-force carburetor engines not more
than 3.0 point; ditto for forced not more than 1.5 point;
for diesel, not more than 1.0 point; 20. To run warming
the walls of the cylinders of the engine (the cooling system
should be in good condition); 21. Corrosion of engine,
parts; 22. Content of water soluble acids and alkalis,
water, acid number; 23. Indicators of corrosiveness must
be within limits of GOST standards; 24. Changes in the
oil content; when increasing the acid numbers the oil must be
changed. This is especially important when using fuel with an
increased content of sulfur additives; 25. Formation of sludge
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Key for Table 195, con't: in the engine crankcase; 26. Content
of water in oil, acid number; 27. Content of water and oil
must be minimal (traces); the acid number must be no higher than
the GOST standard. Occurs most often in winter with recooling
of the oil in the crankcase; 28. Holding the operating
temperature of the engine at the required level; one must
drain the crankcase. Keep oil from getting into the crankcase.
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Table 197

Oils for Hydrodynamic Transmissions

VNIINP-l, Oils for vehicle Gidrol-4,
Indices GOST hydraulic systems MRTU 12N

10660-63 TU 38-1-110-67 No. 79-64

_ R

Density at 20*C, kg/m3, at least 855 - - 885

Viscosity at 100 0 C, centistokes . 7.8 - - 3.5 - 4.0

Viscosity at 50 0 C, centistokes 23 - 30 23 - 30 12 - 1.4 -

Viscosity at -20*C, centistokes, no more than 2,100 2,100 1,300 -

Viscosity at -40 0 C, poise 188 - - 200

Ratio of viscosity at 500 C to viscosity at
100*C, no more chan 3.7 - - -

Solidification point, OC, no higher than -35 -40 -45 -45

Flash point (open crucible), *C, no lower than 175 175 163 360

Change in weight of rubber at 1300C over 10
days, %, no more than +2.0 - -

Change in weight of rubber at 140 0 C over 3
days, %, no more than +5- -

Water soluble acids and alkalis, water and
mechanical impurities None Mechanic 1 impur- Alkaline

ities, n more reaction
than 0.0 %

Copper plate test at 1300 C, for 3 hours Pass Pass on teel Pass
St - 40

Acid number, mg of KOH/g:
before oxidation 0.039 - - 0.15
after oxidation, no more than 0.3 - - -
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Turbine oil 22 (GOST 32-53) is used in vehicles mixed with other
oils to produce operating fluids for shock absorbers and other hydraulic
systems.

For properties of compressor and turbine oils see table 190.

*.dustrial Oils

Industrial oils are widely used both in special vehicles and for
lubrication of auxiliary equipment, metal-working machinery, and other
equipment employed bi, auixmotive repair and transportation enterprises.

Industrial oils are produced in both acidic and selective grades
(table 199). They are sorted according to average viscosity in
centistokes at 5000. Industrial oils 12 and 20 were formerly called
respectively spindle oils 2 and 3, and industrial oils 30, 45, and 50
were called respectively engine oils L, S, and SU. The latter was
use, for lubrication of old types of engines.
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TABLE 198. RECOMMEND&TIONS FOR USING TRANSMISBION OILS
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Table 198, can't.
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Table 198, can't.
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Table 198, con't.
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Key for Table 198: 1. Brand of basic automobile;
2. Transmission assemblies; 3. Basic oils; 4. Brands of
oil; 5. Time periods for spabstitution, thousands of kin;
6. Substitutes; 7. Brands of oil; 8. Time periods of
substitutions, thousands of km; 9. Light automobiles;
10. ZAZ-965, 965A, 966 "Zaporozhets"; "Moskvich-401",
402; 11. K.P., G.P., RM.; 12. All-season: TS-14, 5,
or oil for transmission gears and steering mechanisms;
13. Nigrol: in summer--- summer, in winter--- winter;
14. GAZ-20 "Pobeda"; 15. Ditto; 16. "Moskvich-403",
407; 17. K.P., R.M., G.P.; 18. All-season: oil for
hypoioditic transmissions; 19. Substitutes are not
permissible; 20. 'Moskvich-408", 412; GAZ-21, 22, 24
"Volga"; GAZ-12; 21. TAp-15 or TS-14, 5; oil for
hypoioditic transmissions; 22. GAZ-13 "Chaika"; GAZ-21
"Volga" with automatic transmissions; ZIL-III; 23. K.P.;
G.P.; 24. Oil VNIINP-l; oil for hypoioditic transmis~sion;
oil VNIINP-l or TS-14, 5; 25. Buses; 26. KAVZ-651,
651A, PAZ-651, 651A, 652; PAF-251, 977D; 27. All-season:
TAp-15; 28. Transmission oil (MRTU 12N No. 61-63);
29. ZIL-158, 158A, 158V; IAZ-695B, 697, ZIL-LiAZ-158V;
30. All-season: TAp-15V or TAp-15; 31. Ditto, or nigrol;
32. LAZ-695E, 699A, 69A, 697E; LiAZ-677; KAVZ-3100, 685;
PAZ-672; 33. All-season: TAp-15V or TAp-15; 34.
Substitution not permissible; 35. R.M. ; 36. All-season:
oil VNIINP-l or Oil-R for hydraulic system automobiles;
37. Standard trucks, dump trucks and tractors; 38. UAZ-451A;
GAZ-51, 51A, 53F, 51P, 63P, 63D, 93, 93A, Ural-355, 355M;
39. All-season: TAp-15 or Transmission oil (MRTU 12N No. 61-63);
40. All-season: Transmission oil (MRTU 12N No, 61-63) or
nigrol: in summer--- summer, in winter--- winter; 41. ZIL-150,
164, 164A; 42. All-season: TAp-15V or TAp-15; 43. ZIL-585,
150R; ZIL-MMZ-585L, 585M, 164N, 164AN; KAZ-600V; 44. All-
season: TAp-15V or TAp-15; 45. Nigrol: in summer---
summer, in winter--- winter; 46. ZIL-130, 130V1; ZIL-NMZ-
555; KAZ-606, 608 "Kolkhida"; 47. All-season: TAp-15V or
TAp-15; 48. Substitutes are not permissible.; 49. All-
season: oil VNIINP-l or oil R for hydraulic systems of
automobiles; 50. GAZ-53A, 53B; 51. K.P., R.M. GdP.;
52. In summer--- TAp-15, in winter--- TAp-10 all season:

oil for hypoioditic transmission trucks; 53. MAZ-200,
205, 500, 503, 525, BelAZ-530, 540; KrAZ-219, 222, 256,
257;. 54. K.P.; 55. All-season TS-14, 5 or in summer---
MK-22, MS-20; in winter--- HS-14; 56. All-season:

MT-16p; 57. G.P,; 58. Nigrol: in summer--- summer,
in winter--- winter; 59. Any transmission oil besides
hypoioditic; 60. R.M.; 61. In summer--- MK-22, MS-20,

in winter--- MS-14; 62, All-season: MT-16p; 63. MAZ-

200V, 200M, 504; KrAZ-221, 255B, 258; 64. K.-P.;

65. All-season: TS-14, 5 or in summer--- MK-22, MS-20;

in winter--- MS-14; 66. All-season: MT-16p; 67. G.P.;

68. Nigrol: in summer--- summer, in winter--- winter,
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Key for Table 198, con't: or transmission oil (MRTU 12N No.
61-63); 69. Any transmission oil, besides hypoioditic;
70. R.M.; 71. All-season: MT-16p or in summer--- MK-22,
MS-20, in winter--- MS-14; 72. All-season: NT-16p;
73. Automobiles designed for rough roads; 74. UAZ-
450, 450D, 452, 452A, 69, 69A; GAZ-63; 75. K.P., G.P.,
R.M.; 76. All-season: TAp-15; 77. All-season:
transmission oil (MRTU 12N No. 61-63); 78. GAZ-66, 66A;
79. K.P., R.M., G.P.; 80. In summer--- TAp-15, in winter---
TAp-l0; all-season: oil for hypoioditic transmission of trucks;
81. Substitution not permitted; 82. ZIL-151, 157, 157K;
83. K.P., G.P., R.M.; 84. All-season: TAp-15V or T~p-15;
85. Nigrol: in summer--- summer, in winter--- winter:
86. ZIL-131; Ural-375, 377; 87. K.P., G.P., R.M.;
88. All-season: TAp-15V or TAp-15; all season: oil
VNIINP-l or oil R for hydraulic system automobiles;
89. Substitutions not permitted; 90. MAZ-501, 502,
514; KrAZ-214; 91. K.P.; 92. TS-14, 5, with additive
EFO or in summer--- MK-22, MS-20, in winter--- MS-14;
93. All-season HP-16p; 94. G.P.; 95. Nigrol: in
summer--- summer, in winter--- winter; 96. All-season:
transmission oil; 97. R.M.; 98. In summer--- MK-22,
MS-20, in winter--- MS-14 or all-season: MT-16p;
99. All-season: NT-16p.

1. K.P. transmission; G,P. main transmission (driveshaft);
R.M. steering mechanism
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TABLE 199. INDUSTRIAL AND OTHER OILS

2 thig;ycTpuiammue~. roCr 1707-51

11.an'e~ 1i.2.1 1102 Ii-20. 11C2 t-so firl.IC30

12 BPv3xOCrb npii 1000C. ccm, npimtep. 2,2-2,5 3,0-3,5 4.0-5,0

13 T'o MKe, nPH 50'C, ccmn, 13 n"R'nicax 10-14 17-23 27-33

14MHIIeKC B83HOCTrlI (Anu NMace" "C), - 85 85

1 3erc3TIZ aCruiaaiiwi, Vc. Hec s -20/-15 -15

16 ,reWm.eplTypa 13Cf~l~lbiW(I (OTKpblmIfl 16.5 170/180 180/190

18 'KicJ'o~noe 'u~c~o, Rza KO1-1/2, te 0,14/0,05 0,1410,05 0.2/0,05

19 Jo.qbi~oCrb, %, He do~iee0,7/05

20 hMexaiti'CKe ripitmecli. %. tie 6o* 21 OTCyrCTByITo
.nee

22 ihfllopaCTooptimbie XIICJOTLI 11 ILIUM' 21 OTCYrTCTyIOI'
qHi, uona, tie 6onlec

23Co'lePairne cePbu A.ifl maceJI Ic, 1,0 1.0 10

24 CxopoCmb bpIUIP"tH~l a3,!e"X ZO Z' i-C0 U-UJ

y~non, o~l~uum 328 1 33 -
27 Y~lenlblaf Harpy3H~a, Kr/cMt hoI1-3-

-438-



Table 199, con't.

~, e067502 . TI' O)
Bcnocitr. ~TOoo* ,. rocr MBsi. roc7

O[1 9810- '- 1642-bO 180.5-61
11.45 .~.6 [15. IIC-450 1i _________ 2-68___1 ____

-6- I 8 9 10 11

6,0-7,5 8,0-9.0 - - 3,5-4,2 -

38-52 42-58 4;0-5,1 9,0-9,6 12-14 6,3-8.,5

85 85 ....

-I0 -20 -25 -45 -45 -60
1 (38a p baThlfl

17 (3aKpUTMA THreJ b) L7 ., ireb)
190/20O 200/210 112 135 163 120

0,35/0,05 0,15/0,05 0.04 0,02 0,07 0,14

0,007/0,005 0,007/0,005 0,005 0,005 0,005 0,005

21 O c yT c' Ta ylo0T

21 O'rcyTcTa y o0T

1,I 1,1 ----

25 26
200-UO McmHee 2UU bo~nee MUAtJ -

5_1083
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Key for Table 199: 1. Indicators; 2. Industrial, COST
1707-51 and 8675-62; 3. I- 12, IS-12; 4. 1-20, IS-20;
5. 1-30, IS-30; 6. 1-45, IS-45; 7. 1-50, IS-50;
8. Velosite, GOST 1840-51; 9. Transformer, GOST 982-68;
10. AU, GOST 1642-50; 11. MVP, GOST 1805-51; 12.
Viscosity at 1000C, mm2/s, appr6ximately; 13. 'Ditto, at
50°C, mm/ Is, in limits; 14. Viscosity index (for oil IS),
not lower-than; 15. Congealing temperature, °C, not
higher than; 16. Flash point (covered crucible), °C,
not lower than; 18. Acid number, mg, KOH/g; not more
than; 19. Ash content, %, not more than; 20. Mechanical
mixtures, %, not more than; 21. Absent; 22. Water
soluble acids and alkalis, water, not more than; 23.
Content of sulfur for oil IS, %, not more than; 24. Speed
of rotation of oiled units, rpm; 25. Less than; 26.
More than; 27. Specific load, kg (force)/cm2 ; 28. Up
to; 29. Less than.

Annotation. Indicators of industrial oils: I/IS.

§ 3. Lubricating Grease

Lubricating or pliable greases are mineral oils thickened to a paste
like consistency. Calcium, sodium, lithium and other soaps are used as
thickeners, obtained with a base of natural fat or synthetic fatty acids.
Some types of grease are thickened with high-melting hydrocarbons (paraffin,
ceresin, petrolatum),

Standard quality indicators of lubricating greases follow.

The drop point determined according to COST 6793-53 is the conditional
temperature of melting of the grease. So that the grease will not flow out
from the working surfaces, the temperature of the drop point must be 15-200
C higher than the operating temperature of the friction joints.

The penetration number characterizes the consistency of the grease
and its capability to penetrate into gaps between working surfaces and
introduced using pressure and retention in the gap. The penetration of
number is determined at 25 0 C according to COST 5346-50. The higher the
penetration number of the grease the greater is its mobility (the less
the density). For summer greases, the penetration number should be 150-
250 units; for winter, 250-350 units. For all-season greases, the
penetration number should be in limits 200-300 units.

The yield point is characterized by the capability of the greases to
hold on rotating parts of bearings in play. It is determined according to
GOST 17143-54 at 50 0 C and is expressed in g (force)cm2 . The higher the
yield point, the more desirable the grease.

Viscosity characterizes the fluidity cf the grease when there are
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fairly high stresses of displacement. The viscosity of the grease depends
on the speed of displacement; it is determined according to GOST 7163-54
at 0OC and the degree of displacement 10-1 seconds and is expressed in
poises. According to the indicator of viscosity one determined the
pumpability of the grease through oil supply lines, the loss of energy in
frcion, particularly during starting.

Testing for corrosion is done by putting into contact polished copper
or steel plates with the grease being tested for a period of time and at a
certain temperature.

The water content is an important factor. In some greases, for example,
in lubricant greases, water is the stabilizing agent; without water, the grease
separates and loses its uniformity.

Mechanical mixtures of an abrasive nature are not permissible in
greases.

An Assortment of Lubricating Greases

Lubricating greases are divided into anti-friction for general use
and special, protective and packing.

Indicators of anti-friction average-melting greases and industrial
vaseline are given in Table 200, and anti-friction hard-to-melt and
special greases in Table 201.

Solidols (lubricant grease]. Of the anti-friction greases, the
most widely used are solidols obtained by thickening mineral oils with
calcium soap on a base of natural vegetable oils (fatty solidols) or
synthetic fatty acids (synthetic solidols).

Calcium soap is not soluble in water, therefore, solidols are water
resistant greases. It is not recommended that one use solidols as
protective greases, because they contain up to 37. water which will cause
corrosion of metal under the layer of grease.

If solidol is melted the water evaporates destroying the structure
of the grease and it quickly flows off and becomes uAsuitable.

Fatty solidols are produced in small quantities and are used for
greasing most critical friction junctions.

Synthetic solidols are widely used for greasing the majority of
friction junctions of chassis and moving parts of automobiles. For these
purposes, synthetic press-solidol C is mainly used.

Graphite grease condists of oil thickened with calcium soap and
an additive of welding graphite for improving the lubricating properties
of the grease. They are used for greasing crane gears, leaf springs,
manual brake cables.
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Konstalines [solid lubricants] belong to a hard-to-melt grease and
are an oil thickened with sodium soap on a fatty (UT) or synthetic base
(UTs), Because sodium soap is soluble in water, konstaline, along with
its high drop point temperature is not a water resistant grease. It is
used for greasing stress friction junctions which operate under conditions
of low humidity.

Greases 1-13 both on a fatty base and on a synthetic are obtained by
thickening oil with calcium-sodium soaps. Therefore, they possess fairly
high infusibility and are relatively resistant to the effect of water.
They are used for greasing high-load bearings with free play.

Automotive grease YANZ-2 is a hard-to-melt grease with an adequate
resistance to water. It is intended for greasing bearings of wheel hubs
and water pumps and warm shafts of the transmission. In all cases, it can
be replaced by solidol.

Glass cleaning grease AS is a special automotive grease. It is
%obtained by thickening thoroughly cleaned mineral oil with aluminum soap
with fatty acids. It is intended for greasing parts of windshield wipers
of automobiles.

Cardan grease AM is a complex compound and is obtained by thickening
oil with sodium soap of natural greases (hydrogenated fat, castor oil)
with an additive of pine colophony for improving the lubricating film on
the working surfaces. It is used for greasing Cardan joints in the
rear drive axles of automobiles GAZ-63, ZIL-151, ZIL-157 and others.
Grease 1-13 can be used as a substitute.

Grease ATE is a tractor grease for electrical equipment. In its
composition and properties it reminds one of fatty konstaline for which
it can be substituted; it is intended for greasing bearing bushes of
automotive and tractor generators, starters and magnetos.

Industrial vaseline UN is a protective grease and consists of
patrobetum, paraffin, ceresin and mineral oils. The protective property
of industrial vaseline consists of creating on the surface being protected
a waterproof and water resistant layer which prevents the penetration of
harmful agents. An inadequacy of the grease is its comparatively low
temperature of drop point: at temperatures higher than 35-400 C, the
industrial vaseline begins to slip from the working surfaces and uncovers
them. Industrial vaseline is used in autoriobiles for greasing battery
terminals.

Liquid-preserving greases K-15 (GOST 9185-59) and K-17 (GOST 10877-64)
are intended for protecting metallic parts of automobiles from corrosion.
They consist of mixtures of transformer and aviation oils (85-95%) in
which there have been introduced inhibiting additives TSIATIM-339
(2.5%), PMSya, oxidized petrolatum, neutralizing lithium hydroxide and

1% synthetic rubber. The viscosity of the grease at 1000 C is in limits
15-22 mm2 /s. These liquids are applied to metallic surfaces with a brush.
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Conserving greases NG-.203 (MRTU 12N No. 78-64) and NG-204 (MRTLU 12N
No. 69-63) consist of nitrated oil or an oil solution of sulfonaphthalene
calcium with an additive of oxidized petrolatum and pyropoliner. Viscosity
of the product at 100 0C is 15-50 ccm and temperature of congealing not
higher than -20oC. These liquids are applied to metal with a brush.

Conserving greases AKOR-l and AKOR-2 (MRTU 38-1-207-66) consist of
nitrated oils, neutralized with calcium oxide, with an additive of
stearates for hydraulic mechanical transmissions as a working-conservation
supplement.

Viscosity at 1000C is 75-100 mm2 /s, the flash point in an open crucible
is not below 2100 C.
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TABLE 200. ANTI-FRICTION AVERAGE-MELTING
GREASES AND INDUSTRIAL VASELINE
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Key for Table 200: 1. Indicators; 2. Industrial vaseline
UN, GOST 782-59; 3. Fatty solidols, GOST 1033-51; 4.
Press-solidol US-i; 5. US-2; 6. US-3; 7. Synthetic
solidols, GOST 4366-64; 8. Press-solidol S; 9. Solidol
S; 10, Graphite grease, USs-A, GOST 3333-55; 11. "External
appearance; 12. Structure; 13. Color; 14. Homogeneous
without lumps of grease; 15. Fibrous; 16. From light
to dark brown; 17. From yellowto light brown; 18. From
yellow to dark brown; 19. From dark brown tco black;
20. Drop point temperature, oC, not below; 21. Approximately
22, Penetration ,number in limits; 25. Yield point at
50 0 C, g(force)icm2 , not less than- 26. Approximately;
27. Viscosity at 0OC, poise, not more than; 28.

Approximately; 29. Testing for corrosion; 30. Absent;
31. Passed; 32. ,Content of water, %, not more than;
33. Mechanical mixtures of non-abrasive character, ., not
more than; 34. Composition, %: 35. Mineral oil;
36. CQ.i':lum soap fatty or synthetic, not less than;
37. Crushed graohite; 38. Petrolatum or paraffin.

Ci
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TABLE 201. ANTI-FRICTION HARD-TO-14ELT
SPECIAL GREASES
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Key for Table 201: 1. Indicators; 2. Konstaline, COST
1957-52 and 5703-65; 3. UT-i and UTs-l;. 4. UT-2 and UTs-2;
5. Grease, COST 1031-61; 6. 1-13; 7. 1-13s; 8. YANZ-2,
GOST 9432-60; 9. AS, MRTU 12N No. 76-64; 10. AM, COST
5730-51; 11. ATE, TU 424-54; 12. External appearance;
13. Homogeneous without lumps of grease; 14. Structure;
11 Granular; 16. Fibrous; 17. Long-fibrous; 18.
Granular; 19. Color; 20. From light yellow to brown;
21. Dark brown; 22. From light to dark brown; 23. From
yellow to brown; 24. Dar4; 25. From light yellow to
brown; 26. Relationship to water; 27. Not resistant;
28. Fairly resistant; 29. Resistant; 30. Not resistant;
31. Drop:point, temperatur 00C, not lower than; 32.
Penetration number at 250C; 33. Yield point at 500C,
g(force)/cm2 , not less than; 34. Approximately; 35.
Viscosity at 00C, poise, not more than; 36. Testing for
corrosion; 37. Content of water, %, not more than;
38. Passed; 39. Mechanical mixtures of non-abrasive
character, %, not more than; 40. Absent; 41. Composition,
%: 42. Mineral oil; 43. Fatty or synthetic soap;
44. Industrial hydrogenated fat; 45. Pine colophony;

Bibliography

1. Handbook of Standards. Petroleum Products and Products of
Reprocessing Hard Fuels. Moscow, "Standards", 1967.

2. Greasing Mterials. Production Plans for Treated Plant Fibers
ar Neftemaslozavody (petroleum and grease factories]. Moscow, TSNIITE
nefpekhim, 1967.

3. Motor and Reactive Greases and Liquids. Under the editorship of
K. K. Papok and E. G. Semenido. Moscow, "Khimiya", 1963.

4. Alekseev, V. N., Tuvaitsev, I. F. Tractor Non-Metallic Materfals.
Moscow "Transport", 1966.

5. Instructions for the Use of Fuels, Lubricating Materials and
Special Liquids for Automobiles. Ministry of Automobile Transportation
and Highways RSSFR, 1968.

-447-

/



CHAPTER XIV. INDUSTRIAL LIQUIDS

S1. Cooling Liquids

Water

Water has a number of positive properties when used as a cooling
liquid: high heat capacity, optimal viscosity, abundance, fire safety,
non-toxicity and others. At the same time it possesses disadvantages:
the boiling point is not high enough for modern engines which decreases
during operation of automobiles under mountain conditions; high freezing
temperature (when freezing the volume of ice is about 10 times larger
when compared with the volume of water; the pressure which is generated
when freezing ice reaches 2500 kg (force)/cmz and is the cause of
engine damage), which requires in some cases the use of low-freezing
liquids; the capability to form scale and sludge.

Scale is a hard and strong deposit on the hot walls of the cooling
system causbd by the hardness of the water, depending on the content of
bicarbonates, sulfates and chlorides of calcium and magnesium salts in it.
Total hardness of the water consists of carbonates (temporary) hardness
and non-carbonate (mainly sulfate). Depending on the hardness of the
water used, operation procedure and technical service of the engine
change (Table 203). Water is clas~sified according to its origin
(see Table 204).

Sludge is a muddy deposit in stagnate places (pockets) of the cooling
system of the engine and are formed when filling the engine with dirty
water.

Scale and sludge, which possess poor heat conductivity, make removal
of heat from the engine worse and causes a decrease in its power and
efficiency.

For preventing the formation of scale, anti-scale additives arn. :ed
(scale preventives) or the water is softened (Table 205). The s.ril.
which forms is removed from the cooling system of the engine by . .al
compounds (Table 206).

For removing scale whose chief content is carbonates, acid solutions
are used; for sulfate scale--- alkali solutions.

First, one removes the thermostat from the engine and pours the
solution into the cooling system. According to the flow period shown in
Table 206, they start the engine and run i t for 10-20 minutes, after
which the engine is stopped, the solution poured out and the cooling
system flushed with water two or three times. It is recommended that the
last flushing be done with hot (70-80 0 C) 0.5-1.0% of bichromate (anti-
corrosion flushing).
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Low-Freezing Cooling Liquids (Anti-freezes)

Solutions of alcohols in water which form eutectic minimums are
usually used as low-freezing cooling liquids. Standard anti-freeze
is made from dihydric ethylene-glycol alcohol (Table 207).

To reduce the corrosive effect of ethylene glycol on metals anti-
corrosion additives are introduced into antifreezes: dextrin (complex
carbohydrate) to protect lead-tin solder, aluminum and copper from
damage; Na2 HPO 4 to protect ferrous metals, copper, and brass; and
Na2 MoO4 to protect zinc and chromium coatings of a cooling system from
corrosion.

GOST 6367-52 provides for production of antifreeze intermediate
product -- concentrated ethylene glycol containing additives; anti-
freeze 40 is obtained by adding 0.73 1 to water to 1 1 of concentrate.

The following pertain to the use of ethylene glycol antifreezes:
high toxicity of ethylene glycol (topic when ingested) requiring
precautionary measures; high coefficient of thermal expansion necessitating
filling of cooling system 5 to 8% less than its nominal capacity; possible
interaction between anticorrosion additives and incrustation salts
requiring preliminary flushing of scale and sediment. Antifreeze
composition is regulated by a special densimeter.
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TABLE 202.. GENERAL PROPERTIES OF WATER
AND COMPONENTS OF COOLING LIQUID

rloxasalcJR. 1 I l~o2 (0J,!,,• h T(X..iH tK5

6 '1op.myna 1110 C11 50H (C11 2011)2 (CH2O 1 a'I2

7 A1oACHyMpHaa MaCCa 18,01 46,07 62,07 92,09
Ib1IOTOCTb, K/IM', flpH 200C 998,2 806 .1113 1248

8 TeinepaTypa samep3alifl, CC 0 -114,1 -12 -- -13 18-20
9 K• KInewin npit 760 100 78,4 197,6 290

10, p,1. cm., 0C

11 Ten.oelocrb npu 200C, 0,9986 0,580 0,578 0,5O6
~KPaA/K2a Zpaa Sl To •)K e, np1 0'C 0.487 - - 0,540

13 YAenbnaf TennonpoDoA11oC0,. 0,52 0,154 0,228 0,24513 •,a4/'1-jZQ .. 2. zV,,

14 .,•,.rITb nprp 20*C, Ccm 1,0 1,5 19-20 -500
1ý TennoTa ticnaveCIm!, ,i/x. 539 209 191 229

16 1 nnaareinil, KKt,'I/, 79,4 25,0 43,5 47.5

17 Kot4nueit'r o6besworo pacwH- 0,00046 0,0010 0.00062 0,00025
penwi (n npeAeniax o0 4 Ao 100'C)

,18 TeMnepaTypa cnlMKiI (nPn6op - 12 122 174
C OTKpbWTbI.M nIIraeM), 0 C

19 Ko•0q3 uRllIIT npe.,otmJCemmn, 20*C 1,333 1,361 1,432 1,474

Key: 1. Indicators; 2. Water; 3. Ethyl alcohol-
rectified spirit; 4. Ethylene-glycol industrial;
5. Industrial glycerine- 6. Formula; 7. Molecular
mass; 8, Density, kg/ml, at 20oC; 9. Freezing
temperature, 0 C; 10. Boiling temperature for 760
mm mercury column, °C; 11. Heat capacity at 20 0C,
kcal/kg * degrees; 12. Ditto, at 0°C; 13. Specific
heat conductivity, kcal/hr * m * degrees; 14.

Viscosity at 20°C, mm2 /s;,: 15. Heat of evaporation,
kcal/kg; 16. Melting heat, kcal, kg; 17.

Coefficient of volume expansion (in limits of 4-1000 C)
18. Flash point (instrument with open crucible), °C;

19. Index of refraction, 20 0 C.

Preceding page blank
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TABLE 203. CLASSIFICATION OF WATER ACCORDING TO HARDNESS

" ~ ~I O6,I eTK~',

"•. 'pynna MeCTMOCTH -1(C.CTKCl I 11.a;glnme iia uaxuneo6dpasovatme

4 OqC0.b wirican 5 io 1,5 6 flar.rni tie o6pa3ye?

7 hMnriia 1,5-4,0 8 Flaminu'noflT tie o6pa3yer

9 CpeA,,•eKecTxaR 4,0-8,0 LO UUpa3yeT IlaKH,,b. 1CIo6xoCA1.o He pe-
"mKe 2 p313 r tOA ya34IHTb HaKHflb H3 CH-
cTeAiLI oxUh3K~eimhsi

II ecriaa 8,0-12.0 L2 BIUCTpo OTKJWbna aeTCH stiaq1ITeabi~al
h)aKh(flb. He peCKO.•WAyeTcH np.HMeHATb
WoAY 6c3 tipeatuaporebHoro ypinliqemhi

14 nn ncno.lJb3o1a~lf fnl c oBCa K

13 O4ew. )lKecTran Boaee 12,0 15 CIICToma OXAJKMCH11 otiefllb 6blcrpo
aa6i13aeTcH iHaKintio. Bouy npH•!eigrb
603 yMflrq4Chhil fl HUb3M1

Key: 1. Hardness group; 2. General hardness, mg-
equivalent/i; 3. Effect on scale formation; 4. Very
soft; 5. Op to; 6. Scale does not form; 7. Soft;
8. Scales form only slightly; 9. Average-hardness;

10. Scale forms; it is necessary to remove scale from
the cooling system at least twice a year; 11. Hard;
12. A significant amount of scale builds up quickly.
It is not recommended that this water be used without
previous softening or using additives; 13. Very
hard; 14. More than; 15. The cooling system very
quickly is clogged with scale. It is forbidden to use
this water without softening.
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TABLE 204. CLASSIFICATION OF WATER ACCORDING
TO SOURCE

Kncc BoRN nP1 2 rI)OKCX)AeIIHC SOb I rpynn 3 t CCTIOCT11 1 4 npHtem)

5 6 7
ATMoc~epuaa RloMACIean, citerouan Oqcnb MrPKa-

8 n[oaepxmocT- 9 Pemnan, 03cp11an: 1Ollelib M3 orKas Llp. Hena, Ciipi,
uafl caepiwe uoioch:u MNtrKa. CeB. ,1011111, 03.

•, •hO•Ccioe
12 13

ICiTpanlbibIC H iO- Abnri~an i cpe-. L4p. Boara, aoP
lible 8OAU f 11eMCecTgaR )JIlenp, Oia

15 rpyHToaa] 1 PoAh.Koaan, KoJ01ole37 >KeCTKaxa i oqet,-
Ian, apTC3e1aICKHe O -, )KecTXan 21

18 MopcKaa Mopa, oiCaufi Oticib wec=aRa MopS 4ep. ie,
19 0 Kacnofcxoe,

ApabcMoe- o satan

eAH1111R KL 13NO-125-- 130 e; it Ha

Key: 1. Class of water; 2. Source of water;
3. Hardness group; 4. Example; 5. Atmospheric;
6. Rain, snow; 7. Very soft; 8. Surface;
9. River, lake: northern reservoirs; 10.
Very soft and soft; 11. The rivers Neva, Svir',
the northern Dvina, lake Ladozhskii; 12. Central
and southern reservoirs; 13. Soft and average-
hardness; 14. the rivers Volga, Don, Dnieper,
Oka; 15. Ground; 16. Spring, well, artesian
well; 17. Hard and very hard; 18. Sea;
19. Seas, oceans; 20. Very hard; 21. The
Black Sea, the Caspian, Aral--- general hardness
65-76 units; oceans--- 125-130 units.
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TABLE 205.* PREVENTING SCALE FORMATION

Onepauqttx PcareiirU If liX ACUT011C rlnPnnox 1IlpnMcIecujfs

1 2 _ _ _ _

4 CMaC~a DOANu AMCIIHTbO~ 130A D 2I3IiraTtIJI! HKK

MI,ta13Thi CIICTCMY OXlAM 1,( 111N

6 Biae~eHiie 3H* Xpohinim 1(2Cr-2O will~ 830T'- 8 Minim'ai npiilrOTOD111,10 i(Ou.
TiumaKunHhito 11OK11C.9birt ammomiiit NH 4NQ3; ItClIipaT: 100(a pe arCiITa Ial., :mrJp

nepCBAoFIT OI' coimaKHrni B pacT- aoawb. lia jmilp Cp1CflhIC,'I t!%TK0If
BopllMOc cocToHII;ic DANzu zz6aB.ABIOT 30-50.U.: iKoi.

120 MA/AA. 1put InomYTIIleH!If, DO

9 O;I 6a.,rnloT C13VIC1111 HOIlIIClI TiT'.
rCKcaNCTa(FoCIIpaT (NaPO3)4o Blie 3,lI3IICHIIOCTIf 0Or );('-TIO*

,xrelCaC8CTA; yCIMOpIwaICT comai CTII 10IaomA 6a3AmaoS11 -3 i1101t.
IlaKIlnhI D3 pICTIJOpII.MON COCT0R- 11,pj)IOnII'aeCI(I hyc~ato- u:iaja

1 Tpuuha'rpJIir(FOC(jaT Na3PO4j Jt~a n10613HoT D CpCAIICIcNTK Yl0
YAlCP)KIIBCeT COJqII ilaKhlniI aD how! 01,2 c/a,t a B mKCC' Kgb-
II31CWCIIIIOM% COCTO51IIIIH 0,3 CA

13ricpImonha'cicKB CyCKZ.0 Or-
cmii iaia I'1pC3 CI Y, fnlibC

14 YwirtiemiaaeKa:I
DOANb: 1CC UTOlM,0C,1 T3 hnonyiyaip 6OY 03 MC

neeoi br OTCSh B nepeCb'0ibom bKy6Le fl{CTROCTII AJisi fKKY~lY.1I IipUD

2~2

Kwiib''enuebm ComAl wcj~foitaTaIIOf It 4OCTIII'l* AY a~lnHTrIrT 20-30 Miln,
110 'ýYAIlaITIbrfl )b<CCTI{OCTII Obl- OTC-,IdBbbba0H (pI 4llbTpybOT or
bla~nabT B ocaiAoK Dalbanaulero ocanaa

KOCTI, 110 1-2 A123K11.90/A 611aiaa
20 1CTIQe~, NIO)KCT flOBWIhblbTba~h 22
06paOTfKor, K(a.b1.1tibaiwouabanas co~a Terbiyo (ropntiyin) no~ly -Ic.

xitmitt~eCKbII&I Nai2CO1-5'3 MIeA bbla O21by CAll- PC.NeWbIIBa;oT C pearelarom 20-.
pcarebbTa.Mhbimt IIII KCCTKOCTII. Tpimaia'paiol- 30 m~un, OTCTrIaIaOa'r If 4na.Ibr.

(P04,11- 55 Aid/A Ila ObAIY -All- pyIOr Or lmanauornero ocnAKa
blliably )b(CCTHOCTII. OCTaTIIIlain
o6auanH )KCCrKOCTb 110 60JICC

24 25
91'Hobbbbb&M WObbOO6McblbbbhC CllbbTCTfI'ICC' 4t11171)1'[PYb01 tlCpC3 H3TI1oaiaaro.

o6mellohl KilO CMoJ.bb. r~iayKoabbn'. neply. 1114r, ajillJATp
TIIT If J11. OCrilTo'aaras o15uttil

* ?KCTXOCTb 0.5- 1,0 eA.
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Key for Table 205: 1. Operation; 2. Reagents and their
effect; 3. Order of use; 4. Change water; 5. Change
water in the engine as often as possible. When changing, flush
the cooling system; 6. Introduction of anti-scale substances;
7. Potassium bichromate K2Cr20 7 or nitrate of ammonia NH4 NO3 ;
dissolves the scale salts; 8. First prepare concentrate:
100 g of the reagent per liter of water. In a liter of average-
hardness water, add 30-50 mP of the concentrate, for hard water,
100-120 ml/•. When there is cloudiness of the water in the
cooling system add fresh concentrate; 9. Hexamethphosphate
(NaP03)6 "Hexameth" keeps the scale salts in solution;
10. Regardless of the hardness of the water add 5-6 mg//.
Periodically drain the sludge residue; 11. Bisodium phosphate
Na3 P0 4 ; holds the scale salts In suspension; 12. To average-
hardness water add 0.2 g/e, and to hard--- 0.3 g/t; 13.
Periodically drain the sludge through the drain; 14. Softening
of water: distillation; 15. All dissolved salts remain in
the still; 16. Obtain water without hard salts for batteries;
17. By boiling; 18. Carbonate salts and some of the sulfates
are precipitated out; 19. Boil the water for 20-30 minutes,
let it stand and filter out the precipitates; 20. Processing
with chemical reagents; 21. Calcined soda Na2 C03--- 53 mg/L
for 1 unit of hardness. Trisodium phosphate--- 55 mg/t per
1 unit of hardness. Remaining total hardness not more than
0.5-1.5 units; 22. Warm (hot) water mixed with a reagent for
20-30 minutes, settles and precipitates are filtered out;
23. Cation exchange; 24. Ion-exchange synthetic resins,
glauconite, permutite and others. Residual total hardness 0.5-1.0
units; 25. Filter through a cation filter.
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TABLE 206. SOLUTIONS FOR REMOVING SCALE

Krni'zeCIBo H3 10 A' Bpemfa. ;iaeryweigii

COCT3a paCTDopoB 1 BOAM, B 2 3JR ,.OlaXn,3rYLUOe

4 al.A ecexA.oueamneAea

5 romec oai mOJoqiasn KiCOTa 600 1.0-3,0
XpoNn)K HlAl XpOMOBuri aiirHnpHA 200 8,0-10.0

7 NllrlG.T~poia.ra=oa n COAiag XHCdIOTa 600-800 0,5-1,0
g CMCCb:

9KaJAbu111'pooalman cona. 1000-1200 10-12
10 xp°aOm:x 20--30

CýcoIia KHCAOTa 1000 0,5-1,0

13 xpomobimr anrHAPHp 50

14IJAR (.t8aamenet) c qyzynnoa eo2ADOKoO
6Anxa

15 Teximivixan coAHUa MINCJIMTo 250-300 0,5-1,0
1l6 KaYemtccxan coja 700-1000 7,0-10,0
17 C~1ecb:

TpHIMTp0i1,o1cnaT 450
1• gaJ~buumhhponatman co.a 550 10-12

TpmtaTpHrh1oc•CaT ,r300-500 2,0-3,0

Key: 1. Composition of solutions; 2. Quantity
per 10 .t of water, g; 3. Time necessary for destroying
scale, hours; 4. For all engines; 5. Industrial
lactic acid; 6. Potassium bichromate or chromium
anhydride; 7. Inhibiting hydrochboric acid; 8.
Mixture: 9. Calcined soda; 10. Potassium bichromate;
11. Mixture: 12. Phosphoric acid; 13. Chromium
anhydride; 14. For etgines with cast iron blocks;
15. Industrial hydrochloric acid; 16. Caustic soda;
17. Mixture: 18. Trisodiumpphosphate; 19. Calcined
soda; 20. Trisodium phosphate.
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Table 207

Ethylene Glycol Antifreezes

Indices Type of low-freezin fluid GOS" 159-52, 6367-52

1 40 40M 1!40K 65 65M

Appearance Light-yellow, somewhat cloudy Orange, somewhat
fluid _ cloudy fluid

Density at 20 0 C, k/rm3  1067-1072 1110-1116 1085-1090

Refractive index at 20*C, at least 1.390 - 1.429-1.43 1.400 -

Freezing point, oC, no more thanI -40 -40 - -65 -65

Composition:
ethylene glycol, % (weight), at
least 52 52 94 64 64
water, % (weight) no more than 47 47 5 35 35
evaporation loss, % (weight), no
more than 1 1 1 1 1

Anticorrosion additives:
dextrin, g/l, at least 1 1 1.85 1 1
NaqHPO, g/1 • . 2.5-3.5 2.5-3.5 4.4-5.6 3.0-3.5 3.0-3.5
Na2 Mo04, g/il - 7.5-8.0 - - 8.0-10.0

Chlorides content (CI), %, no more
than 0.0007 0.0007 0.0012 0.0007 0.0007

Mechanical impurities, %, no more
than 0.005 0.003 0.009 0.005 0.005

Ash content, %, no more than 0.4 - 0.7 0.4 -

Viscosity at +20 0 C, centistokes 4.4 4.4 `20. 7.3 7.3

Viscosity at -200C, centistokes 28.5 28.5 - 52.0 52.0

Specific heat at 20*C, kilocal/kg.deg 0.771- 0.78 - 0.72 - 0.73

1 After addition of 0.73 1 of water to 1 1 of antifreeze 40K the freezing
temperature of the mixture is no higher than -40"C.
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Reclamation of ethylene glycol antifreezes in automotive trans-
portation enterprises consists of the following operations: settling
(up to 10 days), removal of upper layer of petroleum derivatives (if
present), draining of sludge, and filtration. If ethylene glycol
content is lower than the norm it is added according to the formula

A = a-b 100 1 of ethyleneglycol per 100 1 of reclaimed antifreeze,
where b

a is water content in reclaimed antifreeze in %,

b is water content required by norm in %.

If content of anticorrosion additives is low they must be brought
up to standard.

Liquids for Hydraulic Systems

Brake Fluids

Brake fluids BSK, ESK, GTZh-22, GTN (table 208) are produced for
hydraulic brake controls.

BSK and ESK are based on castor oil. BSK is composed of 50% batyl
alcohol and 50% refined castor oil; ESK contains 47% ethyl alcohol and
53% castor oil. These oils possess good lubricating properties and
optimum viscosity; but their corrosion properties are high with respect
to copper and brass, and at low temperatures clusters of castor oil crystal.,
tend to form, leading clogging of the hydraulic system and brake failure.
These fluids are not recommended for use at temperatures lower than
minus 20-25*C. Dilution with alcohols decreases viscosity but does
not prevent formation of castor oil crystals.

GTZh-22 is an all-season fluid; it consists of 70% diethylene glycol,
25% ethelene glycol, and 5% ethyle cellosolve with 15 g/l of anticorrosion
additive (triethanol aminophosphate) added. Disadva-,tages of this fluid
include insufficient lubricating capacity; therefore, it is recommended
before charging hydraulic system with fresh fluid to lubricate piston
cups of the master and working cylinders with caster oil or fluids based
on castor oil. Fluid GTZh-22 is toxic when ingested.

GTN consists of dearomatized kerosene thickened with 3 tc 4% viscosity
additive -- polyisobutylene with antioxidation additive -- paraoxydiphenyl
amine (0.02%) or a naphthol (0.1%). Piston cups of oil and cold-resistant
rubber, type 4326-1, are required.

Different types of brake fluids may not be mixed -- separation and
mixture spoilage will occur.
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Shock-Absorber Fluids

AU low-viscosity spindle oil (see table 199) and its replacements
(mixtures of 50% transformer oil and 50% turbine oil 22, or 60% transformer
oil and 40% turbine oil 22 are used for lever-action and telescopic shock
absorbers.

The disadvantage of these fluids is high viscosity at low temperatures
entailing difficult shock absorber operation and even breakdowns.

Good viscosity and temperature properties are possessed by mixtures
of low-viscosity petroleum distillates containing 8 to 10% organo-silicon
compounds (polysiloxanes), such as the all-season fluids AZh-12T and
AZh-16A.

Indicators for shock-absorber fluid quality are presented in table
209.

Fluids for Miscellaneous Hydraulic Systems

Fluids for hydraulic lifters, dump trucks, cranes incorporating
hydraulic drives, loaders, etc:

for summer use: industri,1 oil 20 (spindle oil 3); for winter use:
industrial oil 12 (spindle oil 2). Change intervals: seasonal.

Fluids for hydraulic systems of special vehicles: oil AMG-1O (see
table 209) or its replacement, instrument oil MVP; oil AMG-1O -- a
dearomatized kerosene/gas oil distillate thickened by viscosity additive
(vinipol), provided with pour-point depressor and antioxidation additive,
and colored red; and oil MVP (see table 199) a low-viscosity highly
refined distillate oil.

For hydraulic jacks forming part of driver's kit: oil MVP.

As engine thermostat fluids: ethyl beaizoate (boiling point '35 0 C);
mixture of 67% of ethyl alcohol and 33% water (boiling point 79-800 C).
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Table 208

Brake. Fluids
BSK ESK GTZh-2 GTN,

Indices TU NWhP 1608-47 TU M•hP GOST
. and 4226-54 3759-53 8621-57

Color Orange- Yellow Green or Red
red or or Red khaki

.• green

Density at -20*C, kg/m 3  878 '880-900 1106-i11M2 , No more than: 850

Viscusity, centistokes:
at +50°C, at least 9.6 8.3 8.0 10.0
at 0_C 90-100 80-90 60-70 50-60
at -400c - No more"than 700-800

at -50 0 C Congeal -1d00-8000 No more than
__ ...... 1500'

Solidification point, C-, no more than 4 -;40 -'40 -60 -63

)Acid No., gr of KOH/.g-no more than{. 0.7 0.95 - 0.05

Distillationjpoint,._.°C, at least 118 .78 100 210

Flash point (in closed crucible),, CC, at
least ,._ 14 12 105 92-

Rubber swelling at 18-20%C, % (weight),
no more than:
over. 24 hr period 1 1 - - , ....
over 72 hr period - - 1 -_....
over 24 hr period at 700 C, no more than - 7.. ..... _-___-
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Table 209

Shock Absorber Fluids and AMG-10 Oil

Indices Mixtures of transfor- AZh-12T AZh-16A AMG-l0 1
mer and turbine oils MRTU 38-1-165-65 COST

""50:50 60:40 6794-53

Kinematic viscosity, centistokes: I
at lO00 C, at 'least -_ , - 3.6-3.9 5
at 50%C, at least 12-13 ,11-12 12 16 10
at OC, approx. 240-260 180-200
_.t -40-C. no more than congeal congeal 6500 - -

at -45'C, no more than -_- - 4,O00 -

at -50*C, no more than - - - 1,250
Solidification point, OC,

- no higher than: -30- -35 -55 -60 -70
Flash point (open crve"ible), ,C,
no lower than: 15') 160 165 165 92
A~id No., mg. of KOII/g, no more than: 0.03 0,03 - - 0.05

"Water Soluble acids and alkalis, water,
and mechanical impurities none none none none none
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